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SYMBOLS AND NOTATION 
b stream tube thickness, meters 
C pressure coefficient (P° - /% ^1^1 
/I 2 
C pressure coefficient (p^ - p^)y y P^^l 
r blade chord (fig. 3), meters 
specific heat at constant pressure, J/kg °K 
c^ specific heat at constant volume, J/kg °K 
i) diameter, meters 
d minimum distance of MAGNFï boundary from blade surface (fig. 5), 
meters 
F meridional distance from end of chord to extreme end of blade 
(fig. 44), meters 
(: tangential distance from end of chord to extreme end of blade 
(fig. 44), meters 
rothalpy (eq. (A3)), J/kg 
11*^ stagnation enthalpy in absolute coordinate system, J/kg 
h static enthalpy, J/kg 
'*m'^RO distance between grid points, meters 
i incidence angle (fig. 3), deg 
M Mach number 
HSPl meridional coordinate of point on blade suction surface (fig. 12), 
meters 
MSP2 meridional coordinate of point on blade pressure surface 
(fig. 12), meters 
m meridional coordinate (fig. 4), deg 
V 
n number of interior mesh points 
2 pressure of rothalpy state, Newton/meter 
p° stagnation pressure in absolute coordinate system, Newton/meter^ 
2 p static pressure, Newton/meter 
R radius from axis of rotation (fig. 4), meters 
RI radius of leading edge circle (fig. 45), meters 
RLE radius of fictitious leading edge circle (fig. 47), meters 
RO radius of trailing edge circle (fig. 44), meters 
s blade spacing (fig. 3), meters 
T static temperature, °K 
temperature of rothalpy state, °K 
stagnation temperature in absolute coordinate system, °K 
THSPl tangential coordinate of point on blade suction surface 
(fig. 12), rad 
THSP2 tangential coordinate of point on blade pressure surface 
(fig. 12), rad 
U blade tangential speed, Rw, meters/sec 
u stream function (eqs. (2) and (3)) 
V fluid absolute velocity, meters/sec 
W fluid velocity relative to blade, meters/sec 
w mass flow in stream tube between two blades, kg/sec 
XX coordinate along chord (fig. 13), meters 
X distance along chord from leading edge, meters 
Y coordinate normal to chord (fig. 13), meters 
YCI perpendicular distance from center of leading edge to chord line 
(fig. 45), meters 
vi 
YCO perpendicular distance from center of trailing edge circle to 
chord line (fig. 44), meters 
z axial coordinate (fig. 4), meters 
a angle between tangent to stream surface and the axial direction 
(fig. 1), deg 
B angle between flow direction and axial direction (fig. 3), deg 
2 
r blade circulation, s(Vg i ~ 2^' ^ ^ters /sec 
Y ratio of specific heats, c^/c^ 
Y° blade setting angle (fig. 3), deg 
Ô deviation angle, angle between relative velocity and tangent to 
mean camber line at trailing edge (fig. 3), deg 
Ç angle between m-axis and line connecting edge circle centers 
(fig. 46), deg 
angle between chord line and line connecting center of leading 
edge circle to end of chord (fig. 45), deg 
Hg angle between chord line and line connecting center of trailing 
edge circle to end of chord (fig. 44), deg 
0 angular coordinate (fig. 4), rad 
K blade angle, angle between tangent to mean camber line and axial 
direction (fig. 3), deg 
C angular distance on trailing edge circle between the axial direc­
tion and the stagnation point (fig. 32), deg 
p fluid density, kg/meter^ 
a blade solidity, c/s 
({)° camber angle, - <£» d^ g 
vil 
0) rotational speed, rad/sec 
Subscripts: 
AH along line AH in figure 5 
av average 
c£ obtained using closure trailing edge hypothesis 
c where pressure coefficient curves close or cross 
DE along line DE in figure 5 
db downstream boundary 
exp experimental value 
G obtained using Gostelow's trailing edge hypothesis 
int where linearly extrapolated pressure coefficient curves intersect 
Z local value on blade surface 
m meridional component 
max maximum 
m in minimum 
p pressure surface 
E.0 tangential direction 
s suction surface 
TE trailing edge 
ub upstream boundary 
W obtained using Wilkinson's trailing edge hypothesis 
0 tangential component 
1 blade row entrance 
2 blade row exit 
viii 
Superscript: 
' relative to blade 
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INTRODUCTION 
The estimation of the direction of flow leaving an annular cascade of 
blades is an important problem in axial-flow turbomachinery aerodynamicso 
In design, blades must be selected whzch tutn the fluid to the desired di­
rection in order to achieve the desired energy transfer in rotors Turn­
ing the flow to the desired direction is also important in both rotors and 
stators because unexpected and unwanted losses can occur when the desired 
flow direction into the next blade row is not achieved. In predicting the 
performance of a turbomachine at operating points other than design, it is 
necessary to estimate the direction of flow leaving blades of specified 
geometry. Incorrect estimation of these flow angles will lead to faulty 
prediction of energy transfer in rc-tors and incorrect values of estimated 
loss in subsequent blade rows. Thus estimating leaving flow angles is a 
critical part of both design and analysis calculations. 
Historically, for compressor applications, the direction of flow 
leaving a blade cascade has been predicted by estimating the difference 
between the average direction of the leaving flow and the direction of 
the blade meanline at the trailing edge. This difference is defined as 
deviation angle. Measurements indicate that the flow is not turned far 
enough to leave the blade row in the direction of the blade meaniine. 
This is reasonable since force must be exerted on fhe fluid to overcome 
inertia and produce turnings The forces which produce turning result from 
the curvature of the blade passage However^ blade passages tend to be 
too short to perfectly guide the fluid 
No completely satisfactory methods foi estimating deviation angle a:e 
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available even for the simpler case of design point operation (ref. 1). 
The last major improvement in deviation angle estimation methods was pub­
lished in 1946 (ref. 2). In the past the search for better deviation 
angle prediction methods was restricted mainly to correlations of experi­
mental data. Theoretical calculations of both potential flow and bound­
ary layer flow were possible but not widely used. Conformai transforma­
tion calculations of potential flow, for example, were too time-consuming 
to be practical. Boundary layer calculations were not practical on a 
large scale either, if for no other reason than because they required sur­
face pressure distributions from a potential flow solution as input. How­
ever, recent advances in size and speed of digital computers have made it 
practical to obtain large numbers of theoretical solutions for some two-
dimensional flows. These analytical tools are increasingly being used to 
supplement and in some cases to supplant experimental studies. 
The purpose of this dissertation is to begin development of a more 
satisfactory method of estimating deviation angle by applying currently 
available analytical tools to the problem. A flow model was chosen for 
the study which was simple enough to treat theoretically while still al­
lowing useful results to be obtained. Simplifications to the real flow 
included the assumptions that flow was steady and two-dimensional. While 
viscous effects were recognized as important, they were omitted in this 
work, although suggestions for future inclusion are given. Deviation 
angles estimated for a plane cascade using an existing inviscid flow com­
puter program were compared with experimental data. Extensive studies 
made to assure the numerical validity of calculated results are presented. 
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USE OF CASCADES IN MODELING TURBOMACHINERY FLOW 
Annular Cascade Models 
The real flow in a compressor is three-dimensional, unsteady, turbu­
lent, and compressible with large viscous forces in parts of the flow 
region. In addition, the flow is bounded by both moving and stationary 
walls which are highly complicated in shape. It is not yet possible to 
obtain a solution of this difficult fluid mechanics problem either theo­
retically or experimentally without introducing simplifying assumptions. 
The most common flow model used assumes the flow to be represented by 
steady circumferentially-averaged^ velocities, angles, and fluid proper­
ties at a discrete number of stations as indicated in figure 1. These 
stations are often, though not always, located in radial planes which are 
outside the blade rows. The flow is assumed steady relative to each 
blade row although in a real machine this is impossible except for the 
first blade row. Viscous effects are neglected locally, but the accumu­
lated viscous effects in the form of total pressure losses along a stream 
surface are included. Stream surfaces are assumed to be surfaces of 
revolution as illustrated in the sketch of figure 2. This is an approxi­
mation since the real stream surfaces are probably skewed and warped near 
the blades and are even more complicated in shape near the annulus walls. 
Circumferentially-averaged velocities, angles, and fluid properties are 
^Ideally, mass-weighted circumferential averages are used. However, 
in practice, several kinds of averages are substituted for a true mass-
weighted circumferential average. At stations behind rotating blades, 
time-averaged velocities, angles, pressures, and temperatures measured 
with low frequency response probes at fixed circumferential locations are 
often used. Data from circumferential traverses or from rakes are fre­
quently area weighted to define averages behind stationary blade rows. 
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Calculation stations 
X ^\\\x 
Flow 
Stream surface 
Axis of rotation 
Figure 1. - Meridional plane cross section of an axial-flow compressor 
stage. 
6 
Nonconical surface of revolution 
Figure 2. - Sketch of a general stream surface 
of revolution. 
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defined on these surfaces to represent the flow at a given radius and 
axial location. 
When the stream surface of revolution is assumed to be a circular 
cylinder it can be developed to show the intersections of the blades as 
illustrated in figure 3. The circumferentially-averaged velocity at the 
trailing edge of the blades is represented by the vector W2. The asso­
ciated flow angle referenced to the axial direction is Deviation 
angle 6 is defined as the angle between the W2 vector and the tangent 
to the blade mean line at the trailing edge (iCg in fig. 3). A more gen­
eral stream surface of revolution (i.e., other than a cone) cannot be de­
veloped into an undistorted plane. In this case the exit blade angle <2 
and the velocity W2 are ordinarily defined on the plane tangent to the 
stream surface at the trailing edge. Deviation angle is then defined in 
the same plane. 
Ultimately, the deviation angle distribution for an annular cascade, 
rotating or stationary, is determined (for a given fluid, inlet flow con­
ditions, and rotational speed) by the geometric shape and arrangement of 
the blades and the annulus boundaries. Thus to estimate deviation angle 
for one stream surface in the flow model described above, it is necessary 
to consider not only the blade geometry on that surface, but also the 
blade geometry on all other stream surfaces and the annulus wall shapes. 
In addition fluid properties, inlet flow conditions, and rotational speed 
must be considered. The number of geometrical variables alone indicates 
the difficulty of developing a general deviation angle prediction method 
by correlating experimental data. 
Mean camber line-
Suction surface 
g Axial direction 
- Pressure surface 
Figure 3. - Cascade view of blade sections and blade 
nomenclature. 
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A further simplification of the flow model is necessary in order to 
estimate deviation angles for each stream surface. The usual approach is 
to assume that the local blade geometry (i.e., blade geometry on the 
stream surface) has the dominant effect on deviation angle. The influ­
ences of the remaining flow boundaries, the inlet flow conditions, and 
rotational speed are accounted for by correction factors based on tests 
of similar blade rows or by testing and redesigning. 
Plane Cascade Models 
The influence of the local blade geometry on deviation angle can be 
studied using the untwisted blades of a plane, two-dimensional cascade. 
Two-dimensional flow is assured by using the same blade section along the 
entire blade span and by removing boundary layer fluid on the tunnel 
walls. Plane cascade flow is obviously simpler than flow in actual 
machines. For example, spanwise gradients of flow parameters are absent, 
as are annulus boundary layers, tip clearance flows, and centripetal 
forces. Although a real, viscous fluid is used, blade surface boundary 
layers are two-dimensional rather than three-dimensional. However, these 
simplifications in the flow model provide a significant advantage because 
tests can be made in which the blade section geometry parameters are 
varied systematically one at a time. This is not possible in annular cas­
cades. Systematic testing has been reported for a few blade profile fam­
ilies (e.g., refs. 3, 4, 5, 6, 7, 8), but the number of variables involved 
make exhaustive testing impractical. Thus many combinations of geometric 
parameters are encountered for which extrapolation of test data is re­
quired. Extrapolation is always undesirable because of the added uncer­
10 
tainty it introduces. Furthermore empirical correlations based on plane 
cascade data tend to lack generality with respect to blade profile shape 
(thickness distribution and meanline shape). 
The problems of extrapolation and restriction to particular blade 
profiles associated with the use of correlated plane cascade data can be 
avoided by calculating the flow in the blade-to-blade plane analytically. 
In view of the seemingly advanced state of the art of calculations of 
flow about airfoils it seems that use of a theoretical model would be 
feasible. 
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THEORETICAL CASCADE MODEL 
An exact theoretical calculation of plane, two-dimensional cascade 
flow accounting for the unsteadiness implicit in real turbulent flow and 
capable of describing regions of separated flow is currently impossible. 
Consequently simplified flow models must be used which retain enough 
features of real flow to yield useful results. A well developed approach 
is to divide the flow field into two parts with viscous boundary layer 
flow in a thin region near the blade surface and inviscid, irrotational 
flow in the remainder of the field. For flows with high Reynolds number 
and little or no separation, useful results can often be obtained by 
assuming inviscid flow throughout the cascade flow field. 
A number of methods have been developed and published for calculat­
ing flow through a plane cascade using an inviscid flow model. Reviews 
of typical methods are given by Roudebush (ref. 9), Scholz (ref. 10), and 
Schilhansl (ref. 11). The inviscid flow models used have many features 
in common. The flow field typically contains a single row of blades with 
uniform flow assumed at some distance upstream and downstream from the 
blades. The flow is assumed steady, inviscid, and irrotational, but it 
is not always assumed incompressible. These assumptions together with the 
continuity and momentum equations can be combined to define a governing 
partial differential equation for the stream function or velocity poten­
tial throughout the flow field. 
Boundary conditions must be given to complete the statement of the 
mathematical problem for subsonic flow. One condition required is that 
the blade profile form a streamline in the flow. Additional conditions 
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must be given which determine the location of the stagnation points near 
the leading and trailing edges. The leading edge stagnation point can be 
readily located by specifying the direction of the upstream uniform flow 
since this is usually given or known in advance. The location of the 
trailing edge stagnation point or equivalently the direction of the uni­
form downstream flow also must be given to complete the mathematical 
statement of the flow problem. 
In real flow, viscous forces play a key role in determining the blade 
circulation or equivalently, the leaving flow angle, but the inviscid flow 
problem is indeterminate unless the leaving flow angle or the trailing 
edge stagnation point is specified. There are an infinite number of math­
ematically complete inviscid flow problems corresponding to the infinite 
number of locations which can be specified for the trailing edge stagna­
tion point. Since the objective is to obtain a theoretical flow solution 
which approximates the real flow as closely as possible, the choice of 
the rear stagnation point location must be based on some knowledge of real 
flow patterns. 
In the somewhat academic case of blades with either sharp or cusped 
trailing edges the Kutta condition (ref. 12) is used as the trailing edge 
condition. The Kutta condition requires that the velocities on the pres­
sure and suction surface be equal at the trailing edge point. Equality 
of velocity implies a stagnation point if the blade surfaces form a wedge 
at the trailing edge, but not if they form a cusp. Imposing the Kutta 
condition on the problem avoids the physically implausible condition of 
an infinite velocity at a sharp trailing edge. Unfortunately the Kutta 
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condition does not apply to blades with rounded trailing edges which are 
normally used in turbomachines to lower material stresses. No generally 
accepted trailing edge hypothesis analogous to the Kutta condition exists 
for rounded trailing edge blades, although several proposals have been 
advanced. Three of these proposed trailing edge hypotheses (refs. 13, 14, 
and 15) are evaluated in the DEVIATION ANGLE ESTIMATION section. 
Solutions of the completely specified inviscid cascade flow problem 
can be obtained by a number of mathematical techniques. For incompres­
sible flow the governing equation is Laplace's equation which can be 
solved by conformai transformation, superposition of singularities on a 
uniform flow, or by a numerical finite difference technique. Conformai 
transformation methods remain relatively slow and are not widely used 
(ref. 10). Singularity techniques have been published by Schlichting 
(ref. 16), Martensen (ref. 17), and Giesing (ref. 18) among others. 
Katsanis (ref. 19) has published a computer program which uses a numerical 
finite difference technique to solve for the incompressible flow in cas­
cades. 
For compressible flow, the partial differential equations for stream 
function and velocity potential have the form of Poisson's equation. 
They have been solved for subsonic compressible flow by Imbach (ref. 20) 
using a singularity solution and by Katsanis (ref. 21) and Smith (ref. 22) 
using finite-difference techniques. 
The computer program by Katsanis (ref. 21) was chosen for use in 
this study. Reasons for its choice include its capability of handling 
both compressible and incompressible flow and the availability of an 
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auxiliary program (réf. 23) which allows finer definition of flow details 
near the trailing edge. 
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INVISCID FLOW COMPUTER PROGRAMS 
Only a brief description of the inviscid flow computer programs 
will be given here. For more details references 21 and 23 should be 
consulted. Both programs, TSONIC (ref. 21) and MAGNFY (ref. 23), are 
basically similar and the description will apply to both with the few 
differences noted appropriately. The programs were written in a general 
form which permits calculation of flow on a surface of revolution for an 
annular cascade either rotating or stationary as well as the simpler case 
of a plane cascade. The surface of revolution is assumed to be a stream 
surface. The calculation region for the general case is shown in fig­
ure 4. The (R,0,z) coordinates of the surface were mapped into a (m,0) 
plane by functional relations 
0 = 0  
m = m(R,z) 
The resulting calculation regions are shown in the m - 0 plane (fig. 5). 
The flow on the assumed stream surface in figure 4 is further simpli­
fied from the real flow by the following assumptions: 
1. The flow is steady relative to the blades. 
2. The fluid is an ideal gas with constant c^ or is incompressible. 
3. The fluid is nonviscous, and there is no heat transfer (therefore, 
the flow is isentropic). 
4. The stagnation temperature and the velocity vector are uniform 
across the inlet boundary (therefore the flow is irrotational in absolute 
coordinates as well as isentropic). 
5. The velocity is uniform across the downstream boundary. 
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-Blade-to-
blade sur­
face 
Figure 4. - Blade-to-blade surface of revolution, 
showing m-0 coordinates (from ref. 21). 
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-TSONIC solution region 
- MAGNFY solution region 
Figure 5. - Solution regions for TSONIC and MAGNFY, 
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6. The only forces are those due to momentum and pressure gradient. 
7. The flow is subsonic except that TSONIC allows small areas of low 
supersonic flow. 
In this study the full capabilities of the TSONIC program were not re­
quired since only low subsonic flow in plane cascades was computed. 
Therefore the transonic flow calculation subroutines were removed from 
TSONIC essentially reducing it to the subsonic TURBLE program reported in 
reference 24. 
The assumptions listed above were incorporated into the continuity 
equation and the equation of motion which were then combined into a 
second order partial differential equation for stream function. The 
derivation is presented in reference 25. The equation for the stream 
function u used in TSONIC and MAGNFY can be obtained from equation 12(9) 
of reference 25 by substituting -uw for the stream function of refer­
ence 25. The resulting equation is 
1 9^u 3^u _ ^  22. ^  , I sin a _ ^  3 (bp) 
2 2 p 30 90 r bp 
a r i-2.-2 ,  .2     I   9m r do dm
(1, 
The stream function u is normalized by the mass flow per blade channel, 
w, so that it has a value of 0 on surface BC (fig. 5) and 1 on surface GF. 
The stream function is related to velocity by the equations 
Equation (1) is an elliptic equation and thus boundary conditions must 
be specified for the solution regions of figure 5. Along BC and FG 
19 
(fig. 5) the stream function is assigned values of 0 and 1 as stated 
above. The assumed periodicity of the flow in the 8-direction allows the 
stream function on HG to be specified as the stream function value on AB 
for the same m-value plus 1. The same kind of periodic boundary condi­
tion is applied to lines CD and EF in figure 5. Along AH and DE 3u/3m 
is specified. Evaluation of 3u/3m on AH is possible since a uniform 
flow is assumed, thus by (2) 
° ^ L " ^ L " ^ 
But the flow is uniform and periodic along AH; so 
^ u(H) - u(A) ^  1 
90 8(H) - 0(A) s 
Substituting (5) into (4) 
âa'l L 
Similarly it can be shown that (^L " " 
The angles and must be obtained from input information. 
Boundary conditions for MAGNFY are set by specifying the value of 
stream function on all segments of the boundary (fig. 5). Stream function 
values from TSONIC output are specified at discrete points on OPQRST. The 
stream function is set to zero on the blade surface ST. 
Solution of equation (1) subject to the stated boundary conditions 
was accomplished by approximating the derivatives in (1) by finite differ­
ence expressions. The resulting finite difference equation was applied 
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at interior mesh points of a uniform grid covering the solution region 
(see fig. 6). A nonlinear algebraic equation for the stream function 
at each interior mesh point in terms of the stream function and density 
values at a few surrounding points was obtained. Thus a system of n 
nonlinear algebraic equations in n unknowns (stream function values 
at n interior mesh points) was evolved. This system of equations is 
solved in two levels of iteration. First the system is linearized by 
assuming a value for density at each interior mesh point. The system of 
linear equations is then solved to obtain a value for stream function at 
each interior mesh point by the iterative process of successive over-
relaxation described on page 77 of reference 26. Velocity derivatives 
are obtained by numerically differentiating the stream function solution 
and then equations (2) and (3) are used to calculate an improved estimate 
o£ density at each mesh point. A new system of linear equations is de­
veloped using the improved estimate for density. The linear system is 
solved for stream function and the process is continued until the outer 
iteration for density and the inner iteration for stream function have 
both converged. 
The converged value of stream function at each mesh point is printed 
as output. Velocity magnitude and direction are printed for each mesh 
point and for the points where the mesh lines intersect the blade sur­
faces. 
For this study both TSONIC and MAGNFY were modified to provide 
blade surface pressure coefficients at the intersections of the mesh 
lines and blade surfaces as additional output. The points of intersec-
21 
B\ ' y 
Figure 6. - Type of mesh used in TSONIC solution. 
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tion were assigned a fraction of chord value by projecting a line from the 
leading edge to the intersection point onto the chord line and dividing 
the length of the projection by the length of the chord line. The coding 
changes and additions necessary to generate this additional output are 
given in APPENDIX A. A number of other coding changes made for various 
reasons are also given in APPENDIX A, 
The programs were run on an IBM 7094-2/7044 direct coupled system. 
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PROBLEMS IN UTILIZATION OF THE INVISCID FLOW PROGRAMS 
In the first attempts to use the two computer programs (ref. 21 
and 23) described in the INVISCID FLOW PROGRAMS section, a user is con­
fronted with a number of problems concerning input data. Several of 
these problems were investigated in some detail to assure the numerical 
validity of the calculated results presented in the DEVIATION ANGLE 
ESTIMATION section. Complete generality cannot be claimed for the con­
clusions reached which are presented in this section, but they should 
offer helpful guidelines for subsequent first time users of these pro­
grams . 
Selection of TSONIC Boundary Locations 
The locations of the upstream and downstream boundaries for the 
TSONIC solution region (lines AH and DE, fig. 5) are specified through 
the input data cards. The selection of the distance between the blade 
edges and the boundaries is based on a compromise between two conflicting 
requirements. From physical considerations the boundaries should be 
placed far enough from the blades so that the assumed uniform flow at the 
boundaries is indeed realized in the solution. However, to minimize the 
number of interior mesh points, and thus the storage requirements and com­
puting costs, it is desirable to keep the boundaries close to the blades. 
To establish guidelines for making this compromise, example calcu­
lations were run for two cascade geometries. In the examples, the loca­
tion of the upstream and downstream boundaries were changed systematically 
while all other input variables were fixed. The effects of the boundary 
locations on the solution were examined by comparing the nonuniformity in 
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velocity magnitude and direction at the upstream and downstream boundaries 
and by comparing velocity magnitudes at representative locations on the 
blade surface. The cascade geometry used in these examples was a 10C4/ 
30C50 profile (see ref. 27 for nomenclature) with a solidity a of 1, A 
comparison of the nonuniformity of velocity on the upstream and downstream 
boundaries for two different inlet flow angles is shown in figures 7 
and 8, The velocity nonuniformity is represented by the difference be­
tween the maximum and minimum velocities at boundary grid points divided 
by the average value of the velocity at the boundary. The angle nonuni­
formity is simply presented as maximum difference in the angles calculated 
on the boundary. The distance of the boundaries from the blade edges is 
normalized by the chord in figures 7 and 8. This nondimensional distance 
parameter lacks generality as can be appreciated by considering the lim­
iting case where the chord length approaches zero. Because of this lack 
of generality and the meager data presented,conclusions drawn from fig­
ures 7 and 8 should be used as guidelines and not applied indiscriminately 
without verification. 
The curves in figures 7 and 8 indicate that velocity and angle non-
uniformities can be reduced to approximately one percent and one half 
degree, respectively, by locating the boundaries at least 0.72 chord 
length upstream and 0.47 chord length downstream from the blade edges. 
As a practical matter, however, this degree of uniformity is not needed 
for most purposes since a small amount of nonuniformity on the up— and 
downstream boundaries does not have a large effect on the flow solution 
near the blades. To illustrate this point representative blade surface 
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velocities are shown in figures 9 and 10 as a function of boundary loca­
tion. 
In all example cases the upstream and downstream boundaries were lo­
cated the same distance from the blade edges. However, additional exam­
ples which are not presented indicated that practically the same quanti­
tative results are obtained if one boundary location is fixed and the 
other one varied. Also the above conclusions were not found to be sig­
nificantly affected by the mesh size used. 
Based on the results presented in figures 7 to 10, the boundaries in 
this study were located from 0.75 to 0.84 chord lengths from the leading 
and trailing edges. This choice assured valid numerical results without 
increasing computing time unduly. 
Selection of TSONIC Mesh Size 
Numerical solutions of a differential equation obtained using finite-
difference techniques are assumed to approximate the true solution more 
and more closely as the finite-difference mesh size is decreased. For 
engineering work there is no advantage in reducing the mesh size below a 
value judged to allow calculation of a solution approximating the true 
solution within a reasonable tolerance. In solving the boundary value 
problem described in INVISCID FLOW COMPUTER PROGRAMS it is difficult if 
not impossible to determine with certainty how small a mesh is required. 
However, a reasonable estimate of the mesh size required to give a good 
approximation to the true solution was obtained by comparing approximate 
solutions obtained using several different mesh sizes. 
The approximate solutions were represented by velocities calculated 
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at three points on the blade suction surface. The mesh was chosen to be 
approximately square in m - R6 coordinates. The mesh length in the 0-
direction enters the difference equation as h^^ = (R)(A9) (APPENDIX A, 
ref. 24) even though the solution region is the m - 6 plane. The vari­
ations in representative blade suction surface velocities with decreasing 
grid size are shown in figure 11. Calculated points are connected with 
straight lines to emphasize the discrete nature of the data. The velocity 
magnitudes in figure 11 change only slightly as (h^ + h^g)/2c is reduced 
below 0.035 (note the expanded scale for velocity). On the basis of the 
example calculations presented in figure 11 a mesh size parameter 
(h^ 4- hj g^)/2c value less than 0.035 was used for all calculations pre­
sented in the DEVIATION ANGLE ESTIMATION section. 
Determination of Blade Geometry Input Data 
For both the TSONIC and MAGNFY programs blade geometry information 
is required which can be quite time consuming to determine. Quantities 
required are illustrated in figure 12 taken from reference 21. As indi­
cated in figure 12, m - 9 coordinates along the blade surface with re­
spect to the particular coordinate system shown are required. In the 
case of a plane cascade, an artificial radius is chosen for the stream 
surface in order to determine 0-coordinates for input. An artificial 
number of blades must also be specified to maintain the desired spacing 
between blades. Since blade coordinates are often known with respect to 
the chord line a somewhat laborious transformation of coordinates may be 
necessary to prepare input data each time calculations are made for a 
different blade setting angle. Also the true tangent angle (not in the 
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m - 0 plane) at the four points where the blade surfaces meet the edge 
circles must be supplied as input. For a general profile which is not 
analytically describable it may be necessary to resort to graphical meth­
ods to determine these points and the corresponding surface angles. Also 
coordinates of the extreme downstream point on the trailing edge must be 
calculated. When the blade section is a double-circular-arc profile ly­
ing on a cylindrical surface all the geometrical input described can be 
conveniently obtained using the computer program described in refer­
ence 28. For all other sections considerable effort and time is required 
unless a similar program is available. 
Since a 10C4/30C50 profile in plane cascade was selected for this 
study a computer program was written to expedite determination of the 
necessary geometrical quantities. This program called ARBBP is described 
in APPENDIX B. It requires blade coordinates in one of three coordinate 
systems shown in figure 13 as input. In addition radii of the edge cir­
cles must be given and the location of the edge circle centers must be 
given when coordinate system 3 is used. All of the geometric quantities 
shown in figure 12 which are needed for TSONIC input data are calculated 
in ARBBP and printed as output. The ARBBP output includes blade coordi­
nates in the coordinate system of figure 12. These blade coordinates are 
obtained by mapping both the original input coordinate points and inter­
polated points from a coordinate system of figure 13 to the coordinate 
system shown in figure 12. 
Choosing a suitable subset of coordinate points (MSPl, THSPl) and 
(MSP2, THSP2) (see fig- 12) from the ARBBP output to use for TSONIC and 
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MAGNFY input was the most time-consuming difficulty encountered in using 
these programs. Piecewise cubic spline curves (ref. 29) are fitted 
through the points in TSONIC and MAGNFY to represent the blade surfaces 
in the numerical solution procedure. The proper number of blade coordi­
nates must be selected and located at appropriate positions on the pro­
file to obtain spline curves with smoothly varying curvatures which ac­
curately describe the blade. 
Examples showing an unsuitable and a suitable set of coordinate 
points for the same blade profile are illustrated in figures 14 and 15, 
The set of coordinate points shown in figure 14 do not describe the blade 
adequately especially near the leading edge where the surface curvature 
varies rapidly. By adding coordinates judiciously as illustrated in fig­
ure 15 it was possible to describe the blade quite satisfactorily. That 
the choice of coordinates has a significant effect on the calculated solu­
tion can be seen by comparing the blade surface velocities shown in fig­
ures 14 and 15. 
The cubic spline representation enters the calculated solution in 
two ways. One way is through the boundary conditions at intersections of 
the grid lines with the blade surfaces (fig. 6). The locations of the 
intersections are found by interpolating the cubic spline curves. Also, 
in obtaining surface velocities from the stream function solution at the 
grid line intersections, it is necessary to differentiate the cubic 
spline curves to determine the slope of the blade surface. 
No direct method of choosing a suitable set of profile coordinates 
was found, so a trial and error procedure was used in this work. The 
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procedure used was to select a set of coordinates and then examine the 
variation of curvature along the surface calculated using a cubic spline 
curve fitted to the coordinate points. This can be done by preparing 
TSONIC input cards and running the program for a limited time (less than 
30 seconds in this investigation). The resulting output contains curva­
ture values computed at the intersections of the vertical grid lines with 
the blade surfaces. If the curvature varies smoothly along the blade 
surface the input coordinates used for the calculation are usually con­
sidered satisfactory. To illustrate this point the curvatures calculated 
for the examples of figures 14 and 15 are shown in tables 1 and 2. Notice 
especially that curvatures for surface 1 (suction surface) change sign in 
table 1 and do not vary smoothly along the surface. In contrast the cur­
vatures shown in table 2 vary smoothly on both surfaces. The change of 
sign on curvature on surface 2 (pressure surface) is representative of 
the actual blade shape. 
If the selected set of coordinates does not result in smoothly vary­
ing curvatures then it may be necessary to add points, omit points, or 
replace points to obtain a suitable set. In general coordinates must be 
spaced close together where the curvature is large and farther apart 
where it is small. In case the original coordinates were obtained 
graphically or by some other inexact method it may be necessary to change 
the last few digits of some coordinates to obtain a smooth fit. In doing 
this care must be exercised to preserve the correct shape of the blade 
section. 
It is somewhat easier to judge what changes are needed to obtain a 
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Table 1. Curvatures calculated in TSONIC using input coordinates 
shown in figure 14. 
Suction surface Pressure surface 
Meridional d9/dm Curvature d0/dm Curvature 
coordinate 
0 O.lOE+11 0 -0.lOE+11 0 
0.615E-02 .72 34.0 0.24 30.4 
.123E-01 1.04 11.8 .51 17.5 
.184E-01 1.11 -2.8 .65 7.0 
.246E-01 .94 -17.7 .69 -1.9 
.307E-01 .70 -15.8 .65 -2.9 
.369E-01 .52 -11.8 .61 -2.6 
.430E-01 .42 -6.3 .58 -2.3 
.492E-01 .38 -0.9 .55 -1.9 
.553E-01 .37 -2.2 .53 -2.1 
.615E-01 .33 -3.5 .50 -2.4 
.676E-01 .29 -4.9 .47 -2.7 
.738E-01 .23 -6.3 .44 -3.0 
.799E-01 .16 -6.1 .41 -3.0 
.861E-01 .10 -5.6 .37 -2.9 
.922E-01 .52E-01 -5.2 .34 -2.9 
.984E-01 .19E-02 -4.7 .31 -2,9 
.104 -0.44E-01 -4.4 .28 -3.4 
.110 -0.89E-01 -4.2 .24 -3.9 
.116 -0.13 -3.9 .19 -4.4 
.123 -O.lOE+11 0 . lOE+11 0 
suitable set of coordinates if curvatures at the input coordinate points 
themselves are available. A computer program INCHK was developed to cal­
culate curvatures at the input coordinate points as well as to provide 
addition capabilities described later in this section. A number of TSONIC 
subroutines were used in INCHK so that the TSONIC input cards comprise the 
bulk of the INCHK input data. One extra input card which is described in 
APPENDIX C is required in addition to the TSONIC input cards. The listing 
for INCHK together with a description of input and output is also given in 
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Table 2, Blade surface curvatures calculated in TSONIC using 
input coordinates shown in figure 15 
Meridional 
coordinate 
Suction surface Pressure surface 
dfl/dm Curvature d0/dm Curvature 
0 O.lOE+11 0 -O.lOE+11 0 
0.615E-02 1.29 -21.2 0.32 28.7 
.123E-01 1.00 -10.6 .53 10.9 
.184E-01 .85 -9.1 .,61 3.7 
,246E-01 .74 -7.0 .63 .3 
.307E-01 .64 -7.1 ,64 .4 
-369E-01 .57 -5.0 .62 -2.6 
.430E-01 .51 -5.2 .59 -2.5 
.492E-01 .44 -5.5 .56 -2.4 
.553E-01 .38 -5.5 .53 -2.4 
.615E-01 .32 -5,4 .50 -2.4 
.676E-01 .26 -5.2 .47 -2.6 
.738E-01 .21 -5.1 .44 -2.8 
-799E-01 .16 -5.0 .41 -3.0 
.861E-01 .11 -5.0 .37 -3.1 
.922E-01 .59E-01 -5.1 .34 -3.0 
.984E-01 ,70E-02 -5.2 .31 -2.8 
.104 
-0.44E-01 —4.8 .28 -3.3 
.110 -0.90E-01 -4.3 .24 -3.9 
.116 -0.13 —3.8 .19 -4.4 
-123 -0, lOE+U 0 lOE+11 0 
APPENDIX C. 
A further complication arises in selecting a suitable set of coor­
dinates because the cubic spline curves are not invariant with respect to 
rotation- Thus if the same physical set of points is used as input co­
ordinates to describe a blade in two different orientations (blade set­
ting angles), two physically different shapes are obtained using cubic 
spline fits. Because of this, a slightly different set of input coordi­
nate points for TSONIC is usually required each time a different blade 
setting angle Is used for a given blade section. 
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Because the spline fits used In TSONIC are not invariant with re­
spect to rotation, some means of checking the resulting blade shapes is 
required when a series of calculations are made for the same profile at 
diiferent setting angles- The results presented in the DEVIATION ANGLE 
ESTIMATION section were calculated tor a Single profile at different set­
ting angles.. To check that the spline curves defining the blade shape at 
different setting angles were reasonably consistent, blade surface angles 
were compared against surface angles calculated for a reference baseline 
cascade with a blade setting angle of -0., 26°, 
The comparison of surface angles was accomplished using results from 
the INCHK program- A subprogram in INCHK rotates the coordinates and 
angles associated with the spline curves at a given blade setting angle 
into corresponding coordinates and angles in the reference position. Fig­
ure 16 Illustrates the reference position. By mapping the surface angles 
calculated for different blade setting angles into a common reference 
position it is possible to compare them using plots of surface angle 
versus meridional distance m (fig, 17), The largest inconsistencies in 
the spline fits occurred on the suction surface near the leading edge of 
the blades. Over the last 90 percent of the blade surface the surface 
angles differed by less than 1/2 degree for blade setting angles ranging 
from -0.26 to 46.2 degrees. 
Selection of MAGNFY Boundary Locations 
In this study the MAGNFY program was used to obtain a more detailed 
solution near the trailing edge to allow a better definition of the stag­
nation point location. The shape of the calculation region is illus-
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trated in figure 5. The size of the calculation region must be large 
enough Ko allow valid boundary conditions to be specified and small 
enough to allow a fine grid to be used without exceeding computer storage 
capacity. Boundary conditions are given by specifying the value of 
stream function on every segment of the boundary.. Values of stream func­
tion along TO, OP, PQ, QR, and RS (fig. 5) are obtained from a TSONIC 
solution. Thus the MAGNFY boundaries must be set far enough from the 
trailing edge so that the stream function solution is not significantly 
influenced by the fine details of the trailing edge shape. That is, the 
boundaries should be located so that the same stream function values 
would be calculated there with TSONIC using either the normal coarse 
grid or a very fine grid throughout the TSONIC solution region. 
Guidelines for the selection of MAGNFY boundary locations were de­
veloped from example calculations in which the boundaries were moved 
progressively closer to the trailing edge. The calculated stream func­
tion values along the vertical grid line at the trailing edge were chosen 
to represent the example solutions and are shown in figure 18. No sig­
nificant differences were noted for solutions where the boundaries were 
located more than 5.4 trailing edge diameters from the trailing edge 
("fig- 18). Even when the nearest boundary was 2,7 diameters from the 
trailing edge, a change of less than 1% occurred in the stream function 
plorted in figure 18. This change was interpreted to mean that the 
TSONIC solution would change significantly only in the region less than 
3 diameters from the trailing edge if a fine grid were used. Thus TSONIC 
stream function values at points more than 3 diameters from the trailing 
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edge would be valid boundary values for a MAGNFY solution. This result 
Is consistent with the recommendation given in reference 30 in connection 
with a similar problem. To be conservative the MAGNFY boundaries were 
set a distance of not less than 5.4 diameters from the trailing edge for 
the calculations presented in the DEVIATION ANGLE ESTIMATION section. 
The resulting calculation regions were small enough to allow a suitably 
fine grid to be used without requiring excessive storage. 
Selection of MAGNFY Mesh Size 
An investigation was conducted to determine how small the MAGNFY 
grid size should be to adequately define the boundary shape at the trail­
ing edge- A series of MAGNFY solutions were calculated using different 
grid sizes. The stream function values which were calculated along the 
vertical grid line at the trailing edge are shown in figure 19 to indi­
cate the effect of mesh size on the solution. No significant differences 
were found in the stream function values calculated near the trailing 
edge for the mesh sizes given in figure 19.. It was concluded that the 
shape of the trailing edge was reflected in the numerical solution for 
all mesh sizes in figure 19. Therefore a mesh size of about 0.0033 was 
used to obtain the results of the DEVIATION ANGLE ESTIMATION section. 
Determination of the Rear Stagnation Point 
One aspect o£ the study required that the point be determined at 
which the stagnation or dividing streamline leaves the trailing edge of 
the blade- The MAGNFY program was modified (APPENDIX A) to compute the 
location of the stagnation streamline at each vertical grid line down­
stream of the blade. It was then necessary to extrapolate a curve through 
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these points to determine the intersection of the stagnation streamline 
and the blade. Graphical extrapolation was tried, but proved to be quite 
inconsistent and unsatisfactory. An analytical method was developed 
which proved to be consistent and fast. The method consisted of fitting 
a parabola, in the least squares sense, to six points on the stagnation 
streamline determined by the MAGNFY program. The six points were spaced 
on alternate vertical grid lines beginning with the first grid line down­
stream of the blade trailing edge, The intersection of the least-square 
parabola and the trailing edge circle was then obtained by iteration. 
This method was incorporated into a computer program STGPLS which is de­
scribed in APPENDIX Do The intersection point is taken as an approxima­
tion to the location of the stagnation point. The uncertainty arises 
because the stagnation streamline must be extrapolated between the edge 
circle and the first vertical grid line downstream. The extrapolation 
distance was minimized by using the smallest grid size possible without 
exceeding 2000 grid points in the MAGNFY solution region. 
Selection of Program Tolerances 
As described in the INVISCID FLOW COMPUTER PROGRAMS section the nu­
merical solution used in TSONIC and MAGNFY involves an iteration on both 
density and stream function. These iterations are considered to converge 
whenever the densities and stream functions calculated in two successive 
solutions differ by less than a specified tolerance. To determine suit­
able tolerances to use in this study a few example TSONIC solutions were 
obtained using different tolerances. The effect of stream function tol­
erance on the velocities at three points on the blade suction surface is 
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shown in figure 20- On the basis of results in figure 20 it was concluded 
that the tolerance of 0.000001 built into the program is quite satisfac­
tory. Similar curves of suction surface velocity as a function of den­
sity tolerance show no significant change for a range of density toler­
ance from 0-1 to 0.0001- This result may be misleading since the inlet 
Mach numbers In the calculations were quite low (about 0.08) so that den­
sity gradients were small. 
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DEVIATION ANGLE ESTIMATION 
Deviation angles and blade surface pressure distributions calculated 
for a zero-thickness flat plate cascade and a thick cambered cascade are 
presented in this section. As noted in the THEORETICAL CASCADE MODEL 
section, estimating deviation angle using an inviscid flow calculation 
requires some assumption regarding the flow around the trailing edge. 
The Kutta condition was used in the flat plate calculations and the results 
were compared with the conformai mapping theory of Weinig (ref. 31). 
Results for the cambered cascade were calculated using three different 
trailing edge hypotheses and are compared with experimental data. 
Flat Plate Calculation 
A numerical solution for the flow through a flat plate cascade 
satisfying the Kutta condition was calculated using the TSONIC program. 
Calculations were made for a cascade with a 20 degree blade setting angle, 
a solidity of 1,0, and an inlet flow angle of 30 degrees. Pressure dis­
tributions and stagnation streamlines are shown in figures 21 to 23 which 
correspond to zero circulation (for reference) and to the circulation 
fixed by the Kutta condition. The deviation angle for which the dividing 
streamline leaves the blade at the trailing edge point (Kutta condition) 
was found to be Ok48 degree (fig. 23). A deviation angle of 0.48 degree 
was also calculated for the same cascade using the conformai mapping 
results of Weinig (ref. 31)- The excellent agreement between the two 
methods is a basis for confidence in the numerical techniques used in the 
TSONIC and MAGNFY programs and in the stagnation streamline extrapolation 
used in the STGPLS program to locate the rear stagnation point. 
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Selection of Cambered Airfoil Cascade 
Several features were required in the cambered airfoil section 
chosen to evaluate deviation angle estimation using the inviscid flew 
computer programs. The first requirement was availability of reliable 
plane cascade air data with a systematic variation of incidence angle and 
inlet flow angle- Plane cascade flow was the most logical choice to com­
pare with the calculated flow because it is the real flow most closely 
approximated by the mathematical model used. The section was required 
to have a well defined rounded trailing edge. This requirement eliminated 
the NACA 65-series profile. Also a section with a camber angle low enough 
to avoid extensive regions of flow separation except at high incidence 
angles was desired. All these requirements were satisfied by the 10C4/ 
30C50 blade section- A systematic set of plane cascade measurements for 
this blade are given in reference 32. An additional advantage of i- jc 
data was that the tests were carefully conducted to produce two-
dimensional flow conditions. Coordinates describing the 10C4/30C50 sec­
tion given in reference 32 were used to generate geometrical input for the 
inviscid flow solutions presented in the remainder of this section. A 
summary of the flow and blade angles for which deviation angles were esti­
mated is given in table 3. 
Calculations Using Experimental Deviation Angles 
It is of considerable interest to compare the inviscid flow solu­
tions calculated using the experimentally determined deviation angles 
for a decelerating cascade with measurements of the real flow. The fea­
tures of most interest in the inviscid solutions are the blade surface 
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Table 3. Cascade conditions for which deviation angles 
were estimated (10C4/30C50 profile, a = 1.0, = 0.08) 
Inlet flow Incidence Experimental Blade setting 
angle, angle, deviation angle, angle, 
Si» i> e^xp» T°> 
deg deg deg deg 
30 -7.7 8.8 22.7 
30 0.3 8.7 14.7 
30 11.3 12.15 3.7 
60 -9.0 10.45 54.0 
60 -1.2 11.3 46.2 
60 6.6 14.4 38.4 
pressure distributions because of their strong influence on boundary 
layer development and the resulting losses, and the stagnation stream­
lines because of the dependence of deviation angle on the location of the 
rear stagnation point. Comparisons of calculated and measured pressure 
distributions for the 10C4/30C50 profile in cascade are shown in fig­
ures 24 and 25. The comparisons in figures 24 and 25 are generally good 
with the largest discrepancies occurring near the leading edge. Pressure 
measurements over the last 30 percent of chord were not given in refer­
ence 32 for most operating points and thus are not shown except in fig­
ure 24(b), 
A typical stagnation streamline calculated using the experimental 
deviation angle is shown in figure 26 for a 10C4/30C50 cascade with inlet 
flow angle of 30 degrees. The stagnation streamline for zero circulation 
is shown for r»:'t-cv iK»'. 
Calculations Using Three Trailing Edge Hypotheses 
Wilkinson's hypothesis. - Wilkinson (ref. 14) suggests that the 
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Figure 24. - Comparison of blade surface pressure distributions calculated for a 10C4/30C50 cas­
cade using experimental deviation angles with measurements from reference 32 = 3CP, 
0 =1.0 
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Figure 25. - Comparison of blade surface pressure distributions calculated for a 10C4/30C50 cas­
cade using experimental deviation angles with measurements from reference 32. = 60P, 
0 = 1.0 
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Figure 26. - Stagnation streamlines calculated for a 10C4/30C50 
cascade using experimental deviation angle and using zero 
turning. = 3(f, i = 0.3^, o = 1.0 
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simplest form of trailing edge hypothesis is to locate the rear stagna­
tion point at the point of maximum curvature or at the end of the mean 
camber line. The circular trailing edge of a 10C4/30C50 has no single 
point of maximum curvature so the agnation point was located at the 
end of the mean camber line for this study. A series of calculations 
were required to determine the outlet flow angle (used as a boundary 
condition in TSONIC) for which the rear stagnation point coincided with 
the end of the mean camber line. Pressure distributions (fig. 27) and 
stagnation stream lines were obtained for several values of deviation 
angle (fig. 28). The resulting relationship between deviation angle and 
stagnation point location (fig. 29) was interpolated to obtain the devia­
tion angle for which the stagnation point fell on the end of the mean 
camber line. A comparison of the deviation angles so obtained with 
measured values is shown in figure 30(a). The estimated deviation 
angles shown in figure 30(a) are from 2.6 to 6.4 degrees lower than the 
measured angles. 
Closure hypothesis. - Another trailing edge hypothesis commonly used 
(ref. 15) is to set the leaving angle so that the curves of pressure or 
velocity for the two surfaces cross at the trailing edge (x/c = 1.0). 
This necessarily requires an extrapolation of the calculated curves 
(fig. 31) since the inviscid flow velocities on one or both surfaces often 
exhibit rapid accelerations near the trailing edge before rapidly deceler­
ating to reach the stagnation point. The changes in surface pressure at 
the trailing edge probably do not occur as rapidly in real flow because 
of the presence of the surface boundary layers and the wake. Thus the 
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Figure 27. - Pressure distributions calcu­
lated for a 10C4/30C50 cascade using two 
values of deviation angle. = ZfP, 
i = 0.3, 0= 1.0 
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Figure 28. - Stagnation streamline locations for inviscid solution at several values 
of outlet flow angle. - 30", o » 1 
64 
C 
'& 
c 
s 
c 
c O 
60r 
50 
40-
30 — 
20-
m 10-
c 
c 
-10 " 
-201 
5« = 6.0P 
6 8 10 
Deviation angle, 5, deg 
(al i • -7.7°. 
40 
12 14 6 8 10 
Deviation angle, 5, deg 
<b) 1-0.3°. 
12 14 
s 10 
6 8 10 
Deviation angle, 5, deg 
(c) i = 11.3°. 
Figure 29. - Deviation angle as a function of stagnation point location for a 10C4/30C50 cascade. Pj - 30P, o • 1.0 
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Figure 30. - Comparison of measured and calculated deviation angle for 
a 10C4/30C50 cascade with solidity of 1.0. 
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Figure 31. - Example of extrapolation required in ap­
plication of the closure trailing edge hypothesis. 
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local acceleration on the suction surface in figure 31 beginning at 
x/c = 0.95 was ignored in applying the closure hypothesis. Justifica­
tion for applying this trailing edge hypothesis is the supposition that in 
real flow the surface pressures approach a common value which exists in 
the wake in the immediate vicinity of the trailing edge circle. Further­
more the surface pressure distribution near and on the trailing edge from 
the inviscid solution is not likely to bear much resemblance to the real 
pressure distribution as explained above. Thus extrapolating the surface 
pressure curves from a point away from the trailing edge is an effort to 
obtain a better approximation to the pressure distribution of real flow 
than that obtainable from inviscid flow calculations. The assumption is 
that a continuation of the inviscid pressure curves toward the trailing 
edge is a good approximation of the real pressure distribution. There 
are difficulties inherent in the method including determination of the 
point where the extrapolation should begin and the shapes of the extrapo­
lated curves. In this study graphical extrapolations of the suction and 
pressure surface pressure distributions were started at an x/c of 0,94 
and 0.97, respectively. The shapes of the extrapolated curves were 
selected to be a continuation of the shape of the calculated curves at 
those points. 
Estimation of deviation angle using this hypothesis is a trial and 
error process. Pressure distributions calculated for several values of 
deviation angle are extrapolated until the curves for the two surfaces 
cross or close. The x/c value where the curves cross is plotted as a 
function of 6 and the resulting curve is interpolated at x/c = 1.0, 
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to obtain the estimated deviation angle <S^ . The curves of 5vs(x/c)^  ^
for the C4 cascade at inlet flow angles of 30 and 60 degrees are shown 
in figures 32 and 33. Notice that for every 1 percent change in (x/c)^  ^
the corresponding deviation angle change is 0.5 to 0.7 degree. The 
estimated deviation angles are compared with the measured value in 
figure 30. In general the deviation angles estimated using this hypoth­
esis are significantly lower than the measured angles. 
The pressure distributions calculated using the estimated deviation 
angles are shown in figures 34 and 35. Measured pressures are shown for 
comparison. The discrepancies between measured and calculated pressure 
coefficients in figures 34 and 35 are generally larger than those which 
resulted when experimental deviation angles were used in the calculation 
(figs. 25 and 26). 
Gostelow's hypothesis. - Gostelow et al. (réf. 13) suggests that an 
appropriate approach is to linearly extrapolate the surface pressure 
curves from x/c = 0.85 until they cross. The correct deviation angle 
is assumed to be the value for which the extrapolated curves cross at 
x/c =1.0. An example pressure distribution showing how the curves are 
extrapolated is shown in figure 36. To estimate deviation angle using 
this hypothesis, a series of calculations are made for different devia­
tion angles and plots similar to figure 36 are constructed. Then a plot 
of 6 versus (x/c)^ ^^  is extrapolated to obtain the S which corre­
sponds to (x/c)= 1.0. 
Deviation angles were estimated for the 10C4/30C50 cascade over a 
range of incidence at inlet flow angles of 30 and 60 degrees. The curves 
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Figure 32. - Relationship between the closure point of the pressure distribution and the deviation angle 
for a 10C4/30C50 cascade. Pj = 3CP, a = 1.0 
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Figure 33. - Relationship between the closure point of the 
pressure distribution and the deviation angle for a 
10C4/30C50 cascade. Pj = 60P, a = 1.0 
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Figure 34. - Comparison of pressure distributions calculated using the closure hypothesis with 
experimental data for a 10C4/30C50 cascade. Pj = 30P, a = 1.0 
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Figure 35. - Comparison of pressure distributions calculated using the closure hypothesis with experimental 
data for a 10C4/30C50 cascade. Pj = 60^, o = 1.0 
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Figure 36. - Linear extrapolation of a calcu­
lated pressure distribution for a 10C4/30C50 
cascade, pj = 30°, 5 = 11.3°, o = 1.0 
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of ô versus (x/c)g are shown in figures 37 and 38. The estimated de­
viation angle ôg are compared with measured values in figure 30. The 
calculated deviation angles are reasonably close to the measured angles 
except at high incidence angles where increased drag coefficients 
(ref. 32) indicate thickened and possibly separated suction surface 
boundary layers. Comparisons of calculated and measured pressure dis­
tributions are shown in figures 39 and 40. Discrepancies between the 
calculations and measurements shown in figures 39 and 40 are slightly 
greater than those in figures 25 and 26. 
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Figure 39. - Comparisons of pressure distribu­
tions calculated for a 10C4/30C50 cascade 
using Gostelow's hypothesis with experimental 
data. Pi " 3CP, o - 1.0 
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DISCUSSION OF RESULTS 
Of the three trailing edge hypotheses used to estimate deviation 
angle, Gostelow's was most successful (fig. 30). It resulted in rather 
close estimation of deviation angle over a substantial range of incidence 
and blade setting angle. However at high incidence angles, where refer­
ence 32 indicates the coefficient of drag was approximately twice the 
minimum value, the deviation angles estimated using Gostelow's method 
are significantly lower than the measurements. This indicates that the 
method cannot be expected to work well for highly loaded blades with sig­
nificant areas of separated flow. 
Wilkinson's hypothesis also underestimated deviation angles by a 
significant fraction of the total turning. Such an arbitrary location 
for the rear stagnation point would give good results only if a small 
change in deviation angle corresponded to a rather large shift in stag­
nation point location. However, as indicated in figures 26 and 28, the 
opposite is true so that the stagnation point must be located quite 
exactly to estimate deviation angle accurately. 
The closure hypothesis resulted in significant underestimation of 
deviation angles over the entire operating range (fig. 30). In fact the 
pressure distribution curves calculated using experimental deviation 
angles all crossed at x/c < 1.0 (figs. 24 and 25). Furthermore the 
percent chord location at which the curves crossed decreased as incidence 
angle increased at a given inlet flow angle. 
A new trailing edge hypothesis was developed on the basis of the 
above observations and the following reasoning. As incidence angle 
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varies, the change in measured deviation angle, and thus the change in 
the location at which the corresponding inviscid flow pressure distri­
bution crosses, is probably closely related to the thickness of the 
boundary layer on the suction surface. The boundary layer thickness is 
in turn dependent on the velocity deceleration which takes place on the 
suction surface. Thus the pressure distribution crossing location cal­
culated using the experimental deviation angle should be related to the 
decrease in pressure coefficient on the suction surface. In figure 41 
the chordwise location where the inviscid pressure distributions calcu­
lated in this study with experimental deviation angles crossed is shown 
as a function of the pressure coefficient change on the suction surface. 
The pressure coefficient change used was the difference between the max­
imum pressure coefficient between 0.05 ^ x/c <_ (x/c)^  ^ and the pressure 
coefficient at (x/c)^ .^ The calculated curves in figures 24 and 25 were 
used to obtain the points plotted in figure 41. No claims can be made 
for the generality of the relationship shown in figure 41 except that it 
holds over a fairly wide range of incidence angle and blade setting angle 
for the 10C4/30C50 section. Nevertheless it should prove to be a better 
trailing edge hypothesis for blades in general than the closure hypothe­
sis. 
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CONCLUSIONS 
Development of a more satisfactory procedure of estimating devia­
tion angles over a range of incidence angle was begun using inviscid 
flow calculations. Since the outlet flow angle is required to solve the 
inviscid flow equations, a trial and error procedure involving a trailing 
edge hypothesis was required to estimate deviation angle- The trailing 
edge hypothesis suggested by Gostelow et al. (ref, 13) was found to give 
satisfactory results except at high incidence angles. Locating the rear 
stagnation point at the end of the mean camber line was found to be 
unsatisfactory as a trailing edge hypothesis. Requiring a curved extra­
polation of the pressure distributions to close at the trailing edge also 
proved to be an unsatisfactory procedure. A new trailing edge hypothesis 
applicable to the 10C4/30C50 blade section over a wide range of incidence 
and blade setting angle is presented. 
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SUGGESTIONS FOR FURTHER WORK 
The general lack of agreement between estimated and measured devia­
tion angles at high incidence angles (fig. 30) suggests that viscous 
effects must be included in any general deviation angle estimation pro­
cedure. One simplified approach is to use the proposed trailing edge 
hypothesis based on figure 41 in conjunction with an inviscid flow cal­
culation. This hypothesis should be evaluated for a range of profile 
shapes, camber angles, solidities, inlet Mach numbers, and axial velocity 
ratios. 
A better general approach would incorporate viscous flow calculations 
directly into the deviation angle estimation method. This could be done 
in principle by calculating the inviscid and boundary layer flow and 
applying Preston's theorem (ref. 33) to the combined flow solution. 
Preston's theorem, for the case of an airfoil with steady, irrotational 
approaching flow, asserts that the net vorticity shed from the blade sur­
face boundary layers into the wake must be zero. This idea has been 
applied to isolated airfoils (ref. 33) but so far has not been fully 
evaluated for cascade flow (ref. 13). Several difficulties would be en­
countered in calculating the required boundary layers for cascades. 
These include accurate prediction of transition, calculation of turbulent 
boundary layers in large adverse pressure gradients, prediction and de­
scription of the separated flow, and inclusion of wake properties. How­
ever, the fundamental nature of this approach warrants a careful evalua­
tion to assess whether viscous flow theory is mature enough to be incor­
porated into a deviation angle estimation method. 
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APPENDIX A. ADDITIONS AND MODIFICATIONS TO INVISCID FLOW PROGRAMS 
Additions to the TSONIC and MAGNFY programs were made in order to 
calculate additional information. Subprograms were added to both TSONIC 
and MAGNFY which calculate blade surface pressure coefficients and the 
fraction of true chord at which the mesh lines intersect the blade sur­
faces. Coding was added to MAGNFY to obtain the 0-coordinate at which 
the stagnation streamline crosses the vertical grid lines downstream of 
the blade trailing edge. Also some miscellaneous changes were made to 
avoid undefined variables and improperly defined array subscripts. Docu­
mentation of these additions and modifications are given below. 
The subprograms for calculating pressure coefficient and fraction 
of chord which were added to TSONIC and MAGNFY are identical except for a 
few details. The pressure coefficient subprograms are valid for both 
stationary and rotating blade rows and for stream surfaces with changing 
radius with one exception which will be noted below. 
Pressure coefficient is defined in two ways. 
where W is replaced by V in the case of stationary blades. The blade 
surface static pressures were calculated using the concept of rochalpy. 
Rocbalpy defined as 
Pressure Coefficient Calculations 
(Al) 
(A2) 
(A3) 
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(réf. 25) is constant on a stream surface. The flow is assumed isen-
tropic so the local static state can be related to the rothalpy state 
by the following relations 
"R - h = Cp(TR - T) = — - 2" (^ 4) 
or 
1 
P 
and 
Vy/y-i 
^ - - l- - - ' (AS) 
/t V p = (A6) 
The rothalpy state is established from the known inlet absolute stagna­
tion state, the known inlet velocities, isentropic relations, and the 
definition of rothalpy (A3). Using velocity triangle relations and (A3) 
it can be shown that 
?! 2 
HR = hi + + UWg (A7) 
Subtracting the absolute stagnation enthalpy yields 
o 1^ 2 ?! 
Hr - H° = h^  + - + UWg - h^  - ^ (A8) 
which reduces to 
T% = T° - (U^  - UWg) (A9) 
P 
The pressure is given by 
= Pi(VT°)^ ^^ '^  (AlO) 
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The pressure coefficients are calculated at points on the blade sur­
face where horizontal and vertical mesh lines intersect the blade surface. 
The locations of these points are given in TSONIC and MAGNFY by their m-
and G-coordinates. For analysis purposes it is more desirable to locate 
them with respect to the blade chord (fig. 42). The calculation of blade 
surface locations as a fraction of chord were restricted to blade sec­
tions lying on cylindrical stream surfaces. The blade section was con­
sidered in the TSONIC coordinate system (fig. 43) to define fraction of 
chord locations. 
FRACC = AM/AC 
= (AN + NM)/AC (All) 
Since triangles ANP, ACD, and LMN are similar, 
AN - AC ^  (A12) 
rn 
NM « LN ^ (A13) 
Substituting (A12) and (A13) into (All) gives 
FRACC i"" I# + u* 
Each term in (A14) was evaluated as follows 
AP == m(J) - AQ (A15) 
AD = m(MBO) - F - AQ (A16) 
CD = R0(MBO,1) ± G + OQ (A17) 
AC =a/(CD)^  + (AD)^  (A18) 
LN =» LP - NP (A19) 
LP = R0(J, SURF) - (R) PIT(SURF) + OQ (A20) 
AP 
NP - CD ^  (A21) 
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Figure 42. - Location of points on the blade surface with 
respect to the chord for a cylindrical stream surface. 
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Figure 43. - Auxiliary geometrical quantities used 
in defining fraction of chord. 
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where PIT(l) = 0, PIT(2) = s. The quantities F and G were defined 
using figure 44. 
F = RO - RO cos (tIQ - Y°) > Hg > Y° (A22) 
G = RO sin(r)Q - y°), Hq > (A23) 
Similarly it can be shown that for the other case when tI q < y° » 
F = RO - RO c o s ( Y °  -  T I q), Tig < Y° (A24) 
G = RO sin( Y °  - Hq), Iq  < Y° (A25) 
Note that the sign on G in (A17) is + when H q < Y°» The segments AQ 
and OQ were defined using figure 45 as 
AQ = RI - RI cosCn^  + Y°) (A26) 
OQ = RI sin(nj + Y°) (A27) 
Extra terms appear in the expressions for AP, AD, LP, and CD when 
the setting angle is large enough to require an artificial leading edge 
circle to be defined (appendix B). An example of this configuration is 
shown in figure 46. The only difference between the coordinate systems 
in figures 43 and 46 is a translation of axis. The magnitude of the 
translation can be evaluated by developing expressions for the location 
of the center of the original leading edge circle in the coordinate sys­
tem of figure 46. An enlarged view of the leading edge circles is shown 
in figure 47. Comparing figures 46 and 47 
CTRM = RLE + YCTRN/sin Ç - (XCTRN - RI + YCTRN/tan ç)cos Ç (A28) 
CTRRT = (XCTRN - RI + YCTRN/tan ç)sin ç (A29) 
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Trailing edge 
circle —. 
YCO 
RelMBO, 1) 
Chord line 
Figure 44. - Enlarged view of blade trailing edge circle. 
Re 
r- Leading edge 
; circle r Chord line 
1 YCI y 
1 \ 
1 
x-y : ' RI sinlnj + Z*) 
A ' 
- R Ï  - RIcos(nj+y°) 
Figure 45. - Enlarged view of blade leading edge 
circle. 
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R0 
CTRM 
YCTRN(-) 
Fictitious leading edge circle 
CTRRT 
XCTRN 
Figure 46. - Example of an artificial or fictitious 
leading edge circle. 
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R6 
(XCTRN - RI + YCTRN/tan Çlcos ( 
/- -YCTRN/sin ( 
Fictitious leading 
edge circle 
'YCTRN{-
A_-YCTRN/tan C RLE-
(XCTRN - RI + YCTRN/tan Osin Ç 
_,/-XCTRN - RI- (-YCTRN/tan 0 
Original 
leading 
edge circle 
Figure 47. - Enlarged view of leading edge circles. 
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To calculate fraction of chord for the blade defined in figure 46 the fol­
lowing parameters are modified 
AP = m(J) - AQ - CTRM + RI (A30) 
AD = m(MBO) - F - AQ - CTRM + Rl (A31) 
CD = R0(MB0,1) ± G + OQ + CTRRT (A32) 
LP = RO(J,SURF) - (R)PIT(SURJE') + OQ + CTRRT (A33) 
Two extra input data cards must be added to the usual TSONIC and 
MAGNFY input data cards. They are shown schematically below. 
10 21 30 41 50 31 60 71 80 
KAPIN KAPOUT STDKIN RLE ORI XCTRN YCTRN 
ROTANG YCI YCO 
The input variables are defined as follows: 
KAPIN inlet blade angle with respect to the meridional direction, 
deg 
KAPOUT exit blade angle with respect to the meridional direction, 
deg 
ORI radius of original leading edge, meters 
RLE radius of artificially defined leading edge circle 
(fig. 47), meters 
ROTANG angle between the chord line (AC, fig. 43) and the line 
connecting the centers of the original edge circles, deg 
Positive when the leading edge circle is larger than the 
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trailing edge circle 
STDKIN angle between tangent to mean camber line at the leading 
edge and a line through the original edge circle centers, 
deg 
XCTRN X-coordinate of center of artificially defined leading edge 
circle in coordinate system 2 (figs. 13 and 46), meters 
YCI perpendicular distance between chord line and the center of 
the original leading edge circle (fig. 45), meters 
YCTRN Y-coordinate of center of artificially defined leading edge 
circle in coordinate system 2 (figs. 13 and 46), meters 
YCO perpendicular distance between chord line and the center of 
the trailing edge circle (fig. 44), meters 
The source code for the two subprograms is given below. All new 
FORTRAN variables are defined. Existing variables which appear in the 
original TSONIC and MAGNFY programs (refs. 21 and 23) are not defined. 
Small changes required in existing subroutines are shown and referenced 
to the page of the original report where the coding appeared. Output is 
clearly labeled and self-explanatory. 
IF (lEND.LE.O) GO TO 3ol 
CALL PRESCF \ page 48, ref. 21 
CALL TVELCY ( 
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COMMON/PRETH/TH (50,2) 
COMMON SRW,ITER,IEND,LER(2),NER(2) 
IM = MB I 
SURF = KODE + 1 
10 INTIND = 0 
/ page 86 
ref. 21 
TI = FLOAT (ITV(IM) - ITO + IT + ITIND + KODE) + HT 
TH(J,SURF) + TI 
ITIND = ITIND + 1 
SUBROUTINE PRESCF (for TSONIC) 
SUBROOTINE PRESCF 
ins SUBPROGRAM COMPUTES ANO PRINTS VALUES Of TWO DIFFERENT 
PRESSURE COEFFICIENTS. THE CALCULATIONS ARE VALID FOR BOTH 
ROTATING ANO STATIONARY BLADE ROkS WITH OR WITHOUT RAUIUS 
ChANGE. 
AC LINE AC IN FIGURE 43. 
AO LINE AO IN FIGURE 43. 
AP LINE AP IN FIGURE 43. 
ASET ANGLE BETWEEN M-AXIS ANO THE LINE CONNECTING THE 
ORIGINAL EDGE CIRCLE CENTERS, RAO. 
BETA I AVERAGE VALUE OF FLOW ANGLE ALONG 
THE VERTICAL GRID LINE AT THE LEADING EDGE. 
FIN LINE LN IN FIGURE 43. 
CHMNO M-COOROINATE OF THE INTERSECTION OF THE MEAN LINE AND 
THE TRAILING EDGE CIRCLE. 
CtOMOR M-COORDINATE OF THE INTERSECTION OF THE MEAN CAMBER 
LINE AND THE LEADING EDGE CIRCLE. 
CHOTOR THETA-COORDINATE CF THE INTERSECTION OF THE MEAN 
CAMBER LINE ANO THE LEADING EDGE CIRCLE. 
CTRM M-COORDINATE OF THE CENTER CF THE ORIGINAL LEADING 
EUGE CIRCLE. 
CTRT THETA-CnOROINATE OF THE CENTER CF THE ORIGINAL 
LEADING EDGE CIRCLE. 
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CELM 
CELTH 
F TAC 
ETAn 
fLN 
FIP 
f NP 
l-RACC 
KAPIN 
KAPllUT 
nfti 
K.OPFl 
PCOEf^ 
k IP 
P IT 
P8EI. 
PSTAT 
PSTATl 
BCHOOk 
Kf.HENC 
hl-CSl 
WLE 
KOTANfi 
SETANG 
CIFFEkENCE BETWEEN THE LARGEST H-COORCINATE AND CHMNO. 
DIFFERENCE BETWEEN THETA-COOROINATES OF THE EXTREME 
DOWNSTREAM EOGE OF THE BLAUE AND THE END OF THE 
MEANLINE. RAO. 
ANGLE BETWEEN CHORD (LINE CCNNECTING ENDS OF MEAN LINE) 
ANO THF LINE CCNNEcTlNt THE LEADING EOGE CIRCLE CENTER 
TO The ENli OF THE MEANLINE, RAO. 
ANGLE BETWEEN CHOKU AND THE LINE CCNNECTING THE TRAILING 
EDGE CIRCLE TO THE END OF THC MEANLINET RAD. 
LINE LN IN FIGURE 
LINE LP IN FIGURE 43. 
LINE NP IN FIGURE 
FRACTION OF ChORO FROM THE LEADING EOGE. 
INLET BLADE ANGLE wITH RESPECT TO AXIAL 
DIRECTION. OEG. 
FXIT BLADE ANGLE WITH RESPECT TC THE AXIAL 
DIRECTICN. OEG. 
RADIUS OF ORIGINAL LEADING EDGE. 
PRESSURE COEFFICIENT. RATIO OF LOCAL 
STAGNATION PRESSURE OF RELATIVE FLOW MINUS LOCAL 
STATIC PRESSURE TC THE INLET VELOCITY PRESSURE. 
PRESSURE COEFFICIENT. RATIO.OF LOCAL STATIC 
PRESSURE MINtS INLET STATIC PRESSURE TO THE 
INLET VELOCITY PRESSURE. 
INLET STAGNATICN PRESSURE. 
EUUAL to  ZERO FOR bLAUE SURFACE 1 AND EQUAL TO 
PITCH FOR BLADE SURFACE 2. 
RELATIVE TOTAL PRESSURE BASED ON ROTHALPY CONCEPT. 
LOCAL STATIC PRESSURE ON BLADE SURFACE-
INLET STATIC PRESSURE. 
RADILS OF STREAM SURFACE AT (CHDMCR.CHDTORJ. 
STREAM SURFACE RADIUS AT M=CHMNC 
INLET STATIC DENSITY. 
RADIUS OF ARTIFICIALLY OEFIhEC LEADING EDGE CIRCLE. 
ANGLE BETWEEN THE CHORD LINE AND THE LINE CONNECTING 
CENTERS (IF THE ORIGINAL EDGE CIRCLES. POSITIVE WHEN 
THE LEADING EDGE CIRCLE IS LARGER THAN THE TRAILING 
EDGE CIRCLE. 
ANGLE BETWEEN CHORD (LINE CCNNECTING ENDS OF MEAN LINE) 
ANC THE M-AXIS. DtG. 
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f. STOKIN 
( .  
C. 
C Tt-
f. 
f. 
(. TIP 
(. 
C TREl 
f. 
C 
C. ISTAT 
r 
C TSTATl 
f 
r \( I 
c 
r 
c XCTKN 
r. 
f. 
c vci 
i. 
f. 
t Y CO 
f. 
r. 
c YCTKN 
f. 
C 
c 
f 
COMMON /CALCON/ACTwT.ACTOMli.ACTLAM.KblMl.MBIPl.MaOMlt MBOPl.MMHl, 
1 hMl.HT.OTLK.DMLR.PITCH.CP.EXPON, Twto. CPTIif>, TGRO&,TBI,TBO. LAMBDA, 
TwL. ITHIN.ITMAX.NIP. IMS(2> .BVt2) .MV( 100) ,I V( 10 i > . I TV ( 100 , 2 ) * 
3 TV(100.2).UTONVl100.2> .BETAV(10J,2).fH(40,2),DTDMH(40.2), 
4 WFTAH(40.2).AMH(40.2I.tiEH(40.2).RM(100).BE(lOU),OBOM(100), 
SAl(lUO).AAA(iOO) 
r.CMMCN /GECMIN/ CH0RD(2).STGR(2).MLEL2* .THLE(2î ,RMH 2 ) ,RMO( 2 > , 
1 Rt<2I.Rn(2).BETI(2),8ET0(2>,NSPI(2).WSP(50,2) . THSP(50,2) 
COKMOh /tNP/GAM.AK.TIP.RHOIP,taTFL.QfEGA,ORF.BETAI,8ETAO.REDFAC, 
1 OENTOL.MBUMHO.MM.Neai .NBL.NRSP.MR(iO) .RMSP(IJ) .BESPdO». 
2 BLCÛT.AANOK.ERSOR.STRFN.SLCRD.INTVL.SUPVL 
r.OMMCN/PRETH/ TH(40,2) 
COMMON /SURVEL/ nTB(100.2 ».wMB(100.2).XDOWN(400).YACROS(400» 
DIMENSION CHOMNOt D.ChOMOktl) .PIT(2 ) . RCHEND <1 ) .RCHOORdJ 
REAl KAPIN.KAPnuT.MH.MV.LOMBOA 
INTEGER SURF 
r 
r 
l 1=5 
IC=6 
RFAOi I l.-ïOOO) KAP IN.KAPOUT.STDKIN.RLÊ .ORI .XCTBN.YCTRN 
KEAC(I 1.5000) RLTANG.YCI.YCU 
f 
C COMPUTE AVERAGE INLET VELCCITY AND FLO* ANGLE. 
C 
^I=(LAfBOA/RM(MBl)-OMEGA*kM(MBI))/SIN(BETAl) 
HETAI=WETA(*57.295779 
xRlTEUn. 5020) BETAI.VI 
WR ITfc I lU. 5040) K.APIN. KAPOUT. STDKIN, ROTANG,RLE .ORI .XCTRN, YCTRN, YCI , 
1 YCO 
INLET BLADE ANGLE WITH RESPECT TO A LINE THROUGH 
THE ORIGINAL EDGE CIRCLE CENTERS. DEG. 
THFTA-cnOROlNATE CF HORIZCNTAL MESH LINE INTERSECTING 
HLAOE SURFACE. 
INLET ABSOLUTE STAGNATION TEMPERATURE. 
RELATIVE TOTAL TEMPERATURE BASED CN ROTHALPY 
CCNCEPT. 
LOCAL STATIC TEMPERATURE CN BLADE SURFACE. 
INLET STATIC TEMPERATURE. 
AVERAGE VALUE OF VELOCITY ALONG 
THE UPSTREAM BOUNDARY. 
X-COOROINATE OF ARTIFICIALLY DEFINED LEADING EDGE CIRCLE 
CENTER IN COORDINATE SYSTEM NUMBER 2. 
PERPENDICULAR DISTANCE BETWEEN CHORD LINE AND THE CENTER 
UF THE ORIGINAL LEADING EDGE CIRCLE. 
PERPENDICULAR DISTANCE BETWEEN CHORD LINE AND THE CENTER 
UF THE TRAILING EDGE CIRCLE. 
Y-COORDINATE CF CENTER OF ARTIFICIALLY DEFINED 
LEADING EUGE CIRCLE IN COORDINATE SYSTEM NUMBER 2. 
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META{=BFTA!/57.255779 
KAPIN=K*P[N/57.;t5779 
KAPCLt=KAPnuT/57.495779 
R«T/>NG= RÙTAN(,/57.295779 
STCKIN=STDKIN/S7.295779 
P I=j.1415927 
C 
C COMPUTE RELATIVE TCTAL TEMPERATURE AND PRESSURE CONSISTENT 
f WITm  ROTHALPY. 
f 
PIPaRhniP*AR#T(P 
TRFL = T IP-1 l./CP)»RM(M8l » OCMEli A*l RM( MtJ I ) *OMEGA-V I»S IN( bETAI) ) 
PRfL=PIP*((TREL/TIP)**tGAM*EXPUN)) 
r 
C. CCMPUTE INLET STATIC TEMPERATURE. PRESSURE. AND DENSITY. 
C 
TSTATI=TtP-VI*VI*.5/CP 
PSTAT I = PIP*( (TSTATl/TIP)»•<<,AM»ÊXPQN) ) 
ftHCSl=PSTATl/(AR*TSTATl) 
dRITEl10.5030) TKEL.PKEL.TSTATI.PSTATI.RHCSI 
c. 
L CCMPUTE CCÙRDINATES OF THE INTERSECTION OF THE MEAN CAMBER 
(. L INF ANC THE ORIGINAL LEADINt fcUGE CIRCLE. 
( 
PtT( 1 > = 0. 
PIT<2)=PITCH 
ASFT=KAPIN-ST0KIN 
IF(XCTRN) 150.100.150 
100 nRI=RI(2) 
CTRM=RI(2) 
GO TO 160 
I-jO CTHM=HLE+YCTRN/SIN(ASET)-(XCTKN+YCTRN/TAN(ASET)-ORI**COS<ASET) 
loO FTAI= ASfNlYCI/URIi 
FIAC= ASIN(YCC/RC(1)) 
SÉTûNG= ASET + ROTANG 
CHCMORII)= CTRM-0RI*CUS(SETANG+ETAI) 
IF(XCTPN) ia0.l7C.l»0 
170 KChOCKi1)=RMII1) 
CTflT»0. 
r.i; TO 190 
IHO CALL SPLINT(MR,RMSP.NRSP.CHCM0R.1.RCH00R.AAA(100»I 
CTRT=-(XCTRN>YCTRN/TANtASET)-CRn»SlN(ASET» /RCHDORll» 
ISO ChnTn«»CTRT-ORl»SIN(SfcTANG+ETAI)/RCHuOR(1 J 
fH(SFrANG.GT.fcTAOJ GC TO 240 
l)FLM = RC( l)*l1.-S1N(SETANG+PI/^.-ETAC)i 
<.I-UMN0(1)= MV(MRO)-DElM 
CALL SPL INK MK .RMSP . NRSP .CHOMNU. 1 .RCHENC. AAA ( lOOJ ) 
0ELTH=-RU( l)*CUS(SETANG + PI/2.-ETA0)/RCHENC(l) 
GC TO 250 
240 OELM= RG( l)*<l.-SIN(-SETANG+PI/2.+ETA0) ) 
ChUMN0(l)= MV(MBr<»-UELM 
CALL SPL INTIMR.KMSP.NRSP.CHLlMNU.l.KCHENCtAAAI 100) ) 
r)fcLTH= kOC l)*C0S(-SETANG+PI/2,.«-ETAû)/RCHEND(l) 
25C AC= MV(MBU)-CnDMOR(1)-DELM 
CU = ( rv(M60.1)-ChDTOR+OELTh)*RCHENO(1> 
AC=SURT(CO*CC+AC*AD) 
WRITE(I0.5300) AO.LO.AC.ChOMOR(1).OELM 
C 
L (OMPUTE LOCAL BLADE SURFACE STATIC TEMPERATURES. PRESSURES. 
C ANC PRESSURE CUcFFICIENTS BASEU ON MERIDIONAL VELOCITY 
C CfMPCNEMS. 
99 
oc 3ûO SURF=1.2 
WRITE*10.5J90* SURF 
00 300 IM=MBIP1.MBCM1 
TSTAT=TREL-.5*(kM8(IM,SURF)*wMB(IM,SURF)-RM(IK)*OMEGA 
X «Kl't IM4>0MEGA>/CP 
PSTAT=PKEL*((TSTAT/TRELI**(GA**EXFON)) 
PCOEFl=(PlP-PSTATj/(.S*RHCSl*VI*VI) 
PC0EF2=(PSTAT-PSTATl»*2./(kH0Si»VI*VI) 
AP=NV(IM)-CHOMOR(i) 
FLP-(TV(IM.SUKFJ-CHDTOR-PITlSORF))*RM(IK) 
FNP=CC*AP/AD 
FLN»FLP-FNP 
FRACC=AP/AO+FLN*CD/AC/AC 
30J WRITE*10.5100) lM.MV(IM),FRACC.PC0EFl,PC0EF2,kMB(IM,SUBF), 
IPSTAT.TVIIH.SURF» 
C 
C COMPUTE LOCAL BLAOE SURFACE STATIC TEMPERATURES, PRESSURES, 
C ANC PRESSURE COEFFICIENTS BASED CN TANGENTIAL VELOCITY 
C fGMPOWENïS. 
C 
UC 500 SURF-L.2 
IMSS=IKS(SURF) 
(F( (HSS.LT.I> GC TO 5C0 
WRITE!10.5200) SURF 
00 400 IHSal.IMSS 
TSTAT'TREL-.y*(kTB(IHS.SURF)*kTB(IHS.SURF)-
X RMh(IMS.SURF)*OMEGA*RMH(IHS.SURF)«CMEGA>/CP 
PSTAT=PREL»((TSTAT/TREL)**(GAM*EXPON)) 
PCOEFl=(PlP-PSTAT)/(.5»RH0S1*VI*VI) 
PC0EF2=(PSTAT-PSTATl)*2./(RH0Si*VI*VI) 
AP=Mh(IHS.SURFJ-ChOHOR(1) 
FLP-(TH(IHS.SURF)-CHDTOR-PIT<SURF))»RMH(IHS,SURF) 
FNP=CC*AP/AD 
FIN=FLP-FNP 
FRACC=AP/AD+FLN*CC/AC/AC 
400 WRITE!10.5100) IFS,MHlIHS,SURF),FRACC.PCOEFl,PC0EF2, 
l hTrt( IHS.SURF),PSTAT.TH(IHS.SURF) 
500 CCNTTMjF 
RETURN 
5U00 FCKMAT (7F10.7) 
5020 FOKMATC1H1./////10X,7H BETAI=,F7.3,5X,5M VI«,F7.3) 
5030 F0HMATl//!>X.6H TKÉL= ,F7. " ~2X.oH PREL*,F 12.2,2X,8H TSTAT1=, 
X F/.2.2X.aH PSTATl=,Fi2.2.2X,7M RM0Sl=,F7.4) 
5U4C F0RMAT1//10X.7H KAPIN=.F1^.7,3X,SH KAP0UT=,F12.7,3X,8H STDKIN=, 
1 Fi;.î,3X.8H R0TAN6=.Fi2.7.///.3X,5H RLE=,F11.8,3X,5H 0RI=,Fli.8, 
2 3X.7H XCTRN».Fll.d,3X,7H YCTRN=,F11.8,3X,5H YCI=.Fil.8t3X, 
3 5H YC0=.F11.8) 
5090 FCRMATIIHl./////.10X.32H PRESSURE COEFFICIENTS AND BLADE 
1 BIH SURFACE VELOCITIES FCR SURFACE,12,20H BASED UN MERIDIONAL 
2 24H COMPONENTS OF VELOCITY.///7X,3M IM,8X,2H M,IX, 
3 lOH FRAC CHR0.3X.7H PC0EF1,3X.7H PC0EF2,1X.9H VELOCITY,2X, 
4 lOH STAT PRES.8X.6H THETA/) 
5100 FORMAT!IlO.G11.4,F1C.3.2F lU.4,Fi0.2,F12.2,F14.8) 
5200 FORMAT!1H1./////10X.32H PRESSURE COEFFICIENTS ANU BLADE 
1 31H SURFACE VELOCITIES FCK SURFACE.12,20h BASED ON TANGENTIAL 
? 24H COMPONENTS CF VELOCITY. ///6X,4H IhS,8X,2H M,IX, 
3 10M FRAC CHRD.3X.7H PC0EF1.3X,7H PC0EF2.iX,9H VELOCITY,2X, 
4 lOH STAT PRES.8X.6H THETA/) 
53UU FORMAT!//5X.4H AU=,F11.6,SX.4H C0=,Fil.8,SX,4H AC=,Fil.8, 
X 5X.dH LHDM0R=.F11.8.5X.6H DELM=,F11.8) 
END 
100 
WRITE (6,1000) TIME ] 
IF (lEND.LE.O) GO TO 30 1 
CALL PRESCF ) page 42, ref. 23 
GO TO 10 
1000 FORMAT (8HLTIME =, F7.4, 5H MIN.)J 
COMMON/PRETH/TH(40,2) 
COMMON SRW, ITER, lEND, LER(2), NER(l) 
TI = FLOAT (ITV (IN + 1) - ITO - ITIND + KOBE) *HT 
TH (J, KODE + 1) = TI V page 75 
ITIND = ITIND - 1 / ref. 23 
TI = FLOAT (ITV (IM) - ITO + ITIND + KODE) *HT 
TH (J,K0DE+1) = TI 
ITIND = ITIND + 1 
SUBROUTINE PRESCF (for MAGNFY) 
c 
r. 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c. 
c. 
c 
c 
c 
c. 
c 
c 
c 
c 
c 
c 
SLdROUTINE PRESCF 
THIS SUBPROGRAM COMPUTES ANÙ PRINTS VALUES OF TWO DIFFERENT 
PKESSURE COEFFICIENTS. THE CALCULATIONS ARE VALID FOR BOTH 
RCTATING ANU STATICNARY ELAOE ROKS WITH OR WITHOUT RADIUS 
CHANGE. 
AC LINE AC IN FIGURE 4â. 
AO LINE AD IN FIGURE 43. 
AP LINE AP IN FIGURE 43. 
ASET ANGLE BETWEEN M-AXIS AND THE LINE CONNECTING THE 
ORIGINAL EDGE CIRCLE CENTERS, RAD. 
eETAl AVERAGE VALUE OF FLOW ANGLE ALONG 
THE VERTICAL GRID LINE AT THE LEADING EDGE. 
CC LINE CO IN FIGURE 
CHMNO M-COORDINATE OF THE INTERSECTION OF THE MEAN LINE AND 
THE TRAILING EDGE CIRCLE. 
Ct-OMOR M-COCRDINATE OF THE INTERSECTION OF THE MEAN CAMBER 
LINE AND THE LEADING EDGE CIRCLE. 
CHDTOR THETA-COORDINATE OF THE INTERSECTION OF THE MEAN 
CAMBER LINE AND THE LEADING EDGE CIRCLE. 
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CTRM M-CQOKUINATË OF THE CENTER OF THE ORIGINAL LEADING 
EDGE CIRCLE. 
CTRT TMETA-CÛOROINATE UF THE CENTER CF THE ORIGINAL 
LEADING EU6E CIRCLE. 
nELM DIFFERENCE BETWEEN THE LARGEST f-COORCINATE AND CHHNO. 
LELTH DIFFERENCE BETmEEN THETA-COCROIAATES OF THE EXTREME 
DOWNSTREAM EDGE OF THE BLADE ANC THE END OF THE 
HEANLINE. RAO. 
ETAl ANGLE BETWEEN CHORU (LINE CONNECTING ENDS OF MEAN LINE) 
AND THE LINE CONNECTING THE LEADING EDGE CIRCLE CENTER 
TO THE END OF THE MEANLINE. RAD. 
ETAH ANGLE BETWEEN CHORU AND THE LINE CCNNECTING THE TRAILING 
EO6E CIRCLE TO THE ENÛ OF THE MEANLINE, RAW. 
FLN LINE LN IN FIGURE 43. 
MP LINE LP IN FIGURE 43. 
FNP LINE NP IN FIGURE 
FRACC FRACTION OF CHORD FROM THE LEADING EDGE. 
KAPIN INLET BLADE ANGLE WITH RESPECT TO AXIAL 
OIRECTICN. DEG. 
KAPnuT EXIT BLADE ANGLE WITH RESPECT TC THE AXIAL 
DIRECTION. DEG. 
LRI RADILS CF ORIGINAL LEADING EDGE. 
FCnFFl PRESSURE COEFFICIENT. RATIO OF CIFFERENCE 
BETWEEN STAGNATION PRESSURE AF RELATIVE FLOW 
AND STATIC PRESSURE TO THE INLET VELOCITY PRESSURE. 
FCOFFP PRESSURE COEFFICIENT. RATIO OF LOCAL STATIC 
PRESSURE MINUS INLET STATIC PRESSURE TO THE 
INLET VELOCITY PRESSURE. 
PIP INLET STAGNATION PRESSURE. 
PIT EQUAL TO ZERO FOR 8LADE SURFACE 1 AND ECUAL TO 
PITCH FOR BLADE SURFACE 2. 
FREL RELATIVE TOTAL PRESSURE BASED ON ROTHALPY CONCEPT. 
PSTAT LOCAL STATIC PRESSURE ON BLADE SURFACE. 
PSTATl INLET STATIC PRESSURE. 
RCHOCK RACIIS OF STREAM SURFACE AT (CHOMCRtCHDTUK). 
KCHENO STREAM SURFACE RACIUS AT M=CHMND 
HHCSI INLET STATIC DENSITY. 
RLE RADILS OF ARTIFICIALLY DEFINED LEADING EDGE CIRCLE. 
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CCMMON /AUKKhO/ A(2000.4) .U(2000) .K(2000) tRHO(2030)  
CCMMC\ / IMP/  GAM.AR.TIP.RHOIP.WTFL,hTFLSPTCMEGA,ORF.BETA I ,BETAOf 
INOBL.HBI.Mpa .MRI2.M8C2.MM.NB6I .N8LtNRSP.MBOYF.MBDYLtITF 11TL.  
2BLCAT.AANDK.ERSOft .STRFN. INTVL.SURVL.MAGFAC. 
JMRI t ,0) . f lMSPi  50> .8ESP( 50> 
CGPMON /CALCCN/ MBI I .MBÛO.MMM.MBI  tM 1.Mb 11 PI ,MBCCMi.MBOOP11MMMMl,  
IHMt .kK2.HMj .HT.nTLR.UMlR.PITCH.CP.EXPuN.TWW,CPTIP,TGROG.TBI .TBO. 
y t  AMBCA.TwL.  ITOR.  ITMAX.NIP.  1HS(<. )  .  BV(4) ,MV( i00) . IV(101) ,  
3>iHV( 100.4 > .RhBV( l t iO.4)  .  (TV(  lOO.b)  .TV(  iOC.4)  .OTOHV (  100 .4)  ,  
4B£TA*/ (  JOU.4)  ,MH( 10U,4)  .DTDMH( 100.4» .B ET AH (  100 ,4  » .  kMH( 100,4)  ,  
SBEH( 100.4)  .RM( 100)  .BE (  100)  .L>BCM( 100 )  .SAL (  100)  .AAA (100)  
CCMMON /GEOMIN/  CHORD(4) .STGR(4) .MLE(4)  .ThLE(4) .RMK4) .RMO(4) .  
IR [  (4)  .R( ] (  4 )  .BET [ (4)  .BETO (4 i  ,NSH (  4 )  .MSP (  50 .  4)  .THSP(53.4)  
f .CKMCN/PRETH/ TH(40.2)  
n IMENS(UN CHDMNDI1) .CH0MUR(1) .P lT(2) .RCHENû(1) .RCHOOR(1)  
DIMENSION wMB(100.4)  . taTB(  lUO.4)  
FUUIVALENCE (A(1.4) .WKB( l ) ) . (A(401.4) .kTB( l ) )  
RFAL KAPIN.KAPOUT.Mh.KV.LAMBDA 
INTEf .FR SURF 
ANGLE BETwEEN THE CHUkU L INE ANC THE L INE CONNECTING 
CENTERS OF THE ORIGINAL EDGE CIRCLES- POSITIVE WHEN 
THE LEADING EDGE CIRCLE IS LARGER THAN THE TRAILING 
EDGE CIRCLE.  
ANGLE BETWEEN CHORD (L INE CONNECTING ENDS OF MEAN L INE)  
ANC THE M-AXIS.  DEG. 
INLET BLADE ANGLE WITH RESPECT TO A L INE THROUGH 
THE ORIGINAL EDGE CIRCLE CENTERS, DEG. 
THETA-COORDINATE OF HCRUONTAL MESH L INE INTERSECTING 
BLADE SURFACE. 
INLET ABSOLUTE STAGNATION TEMPERATURE. 
RELATIVE TOTAL TEMPERATURE BASED CN RCTHALPY 
CCNCEPT.  
LOCAL STATIC TEMPERATURE CN BLADE SURFACE. 
INLET STATIC TEMPERATURE. 
AVERAGE VALUE OF VELOCITY ALONG 
THE UPSTREAM BOUNDARY. 
X-COOROINATE OF ARTIFICIALLY DEFINED LEADING EDGE CIRCLE 
CENTER IN COORDINATE SYSTEM NUMBER 2 .  
PERPENDICULAR DISTANCE BETWEEN CHORD L INE AND THE CENTER 
OF THE ORIGINAL LEADING EDGE CIRCLE.  
PERPENDICULAR DISTANCE BETWEEN CHORD L INE AND THE CENTER 
OF THE TRAILING EDGE CIRCLE.  
Y-COORUINATE Cf  CENTER OF ARTIFICIALLY DEFINED 
LEADING EDGE CIRCLE IN COORDINATE SYSTEM NUMBER* 2 .  
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c. 
I i = t> 
jn=6 
REACII I . ÏUOU) KAPLN.KAPOUT.STOKlN.RLEtURl«XCTRN.YCTRN 
KEAC< I I. SOCOi RTJTANG .YC{ .VCO 
f 
C CHMPUTE AVfkAGfc INLET VELOCITY AND FLOh ANGLE. 
C 
VI=(LAMBOA/RMKl)-CMEGA*Rhl(1))/SINtfcjETAI/57.295779) 
WRITE!IW.5020) BETAl.VI 
wKITE<in.5040) KAPIN.KAPOUT.STUKIN,ROTANG,RLE »ORI,XCTRN.YCTRN,YCI. 
1 yen 
HFTAI=eFTAI/57./957 79 
KAPIN=KAPIN/57.295779 
KAPObT=KAPOUT/5 7.295779 
knTA\G= KOTANU/57.295779 
ST»KIN=STDKIN/5/.2v5779 
P1-3.14159^7 
f 
C CHMPl.TE RELATIVE TOTAL TEMPERATURE AND PRESSURE CONSISTENT 
L WITH kOTHAlPY. 
(. 
PIP=RHniP*AR•TIP 
rRFL=TIP-(I./CP)*RM((1»»CM£GA*{RMI(1)»UMEGA-VI»SIN<8ETAI>) 
PKEL=PIK*(ITREL/TIP)**IGAM*EXPÙN)) 
f 
C. CdMPUTF INLET STATIC TEMPERATURE. PRESSURE. AND DENSITY. 
f 
T STATL=TIP-VL»VI».5/CP-(1./CP)*RMII1)*CKEGA*(.5*RMI{L)»QHEGA 
1 -VI»SIN(H6TAI)) 
PSTAT l = PIP»( (TSTATI/TIP)**(GAK*EXPON)) 
RHOSl=PSTATl/(Ak*TSTATl) 
WR ITF(in.50J0J TREL.PBEL.TSTATL.PSTATI.XHCSL 
C 
C COMPUTE CHORDINATES CF THE INTTKSECTICN OF THE MEAN CAMBER 
( LINF ANC THF ORIGINAL LEADING FCUGE CIRCLE. 
f 
PIT( J »-0. 
Pn(>)=PITCH 
ASeT=KAPIN-STDKIN 
IKXCTKN) 150.ICC.15C 
100 Uk[=R[(/) 
CTKP=HII^) 
ar, Tn loo 
I 50 CTRM = RLF»YCTRN/S INI ASET) - (XCTkN«-YCTRN/TAN( ASET)-URI )»COS( ASET I 
loO FTAI= ASIN(YCI/ORI) 
FTAC= ASIN<YCn/KC<i>> 
SETANG= ASET + kUTANG 
ChCMHRI 1)= CTRM-ORI^COSIStTANG+ETAI) 
IKXCTRN) 180.17C.1U0 
170 RCHOORCI)=RM l(1) 
f.rBT = 0-
GO in 190 
IRIO LALL SPLINT<MR.RMSP.NRSP.CHDMUR.L.RCHOOR,AAA(100)) 
CTkT=-(XCTRN + YCTRN/TAN(AS£T)-CRI »»SIM ASET)/RCHOOkH) 
ISO CtnTnR=CTRT-nkI*SIN(SETANG+ETAI)/RChDCR(1) 
IFISETANG.GT.ETAO) GC TO 240 
l)ELH = RO( 1 )»( l.-SIN( SETANG+PI/2--ETAC) ) 
CHCMN0(I)= CHTJKUI l>-DELrt 
CAIL SPLINT(MK.RMSP.NKSP.CHDMNU.I,RCHENC,AAA(10 0)) 
DEL RH=-Kn(J)*cns(SETANG+PI/2.-ETAC)/RCHENDII) 
GO Tn P10 
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240 OELM» R0(1)»(1.-SINJ-SETANG+PI/2.*ETA0)) 
CHOMND(1)»CHORD(1)-DELM 
CALL SPLINT(MR,RMSP,NRSP,CHOMND,1,RCHEND,AAAl100)) 
DELTH= R0(l)*C0S(-SETANG+PI/2.+ETA0)/RCHEND(l) 
250 A0=CH0R0(1)-CHDM0R(11-OELM 
CD=(STGR(1I-CHDT0R+DELTH)*RCHEND(1) 
AC=SORT(CD*CD+AD*AD) 
WRITE(10,5300) AD,CO,AC,CHDMORt1),OELM 
C 
C COMPUTE LOCAL BLADE SURFACE STATIC TEMPERATURES, PRESSURES, 
C AND PRESSURE COEFFICIENTS BASED ON MERIDIONAL VELOCITY 
C COMPONENTS. 
C 
MBOT«MIN0(MMMM1,MBOO) 
IF(MB0T.LT.2) 00 TO 320 
00 300 SURF=1,2 
WRITE!10,5090) SURF 
DO 300 IM=2,MB0T 
TSTAT=TREL-.5*(WMBCIM,SURF)*WMB(IM,SURF)-RM(IM)*OMEGA 
X *RM(IM)*OMEGA)/CP 
PSTAT=PREL*((TSTAT/TREL)»*<GAM»EXPON)) 
PCOEF1=(PIP-PSTAT)/(.5$RHOS1*VI*VI) 
PC0EF2=(PSTAT-PSTAT1)*2./(RH0S1*VI$VI) 
AP=MV11 M)-CHDMOR(1) 
FLP=. ( TV ( I M,SURF )-CHDTOR-P IT { SURF ) ) $RM( IM ) 
FNP=CD*AP/AD 
FLHNFLP-FNP 
FRACC=AP/AO+FLN»CO/AC/AC 
300 WRITE(10,5100) IM,MV(IM),FRACC,PCOEFl,PC0EF2,WMB<IM,SURF), 
X PSTAT,TV(IM,SURF) 
320 MBIT=MAX0(2,MBII) 
IF(MBIT.GT.MMMMl) GO TO 380 
HTEC=MBOVF+MBOO 
DO 350 SURF=3,4 
WRITE(IO,5090) SURF 
00 350 IM=MBIT,MMMM1 
TSTAT=TREL-.5*(WMB(IM,SURF)»WMB(IM,SURF)-RM(IM)*OMEGA 
X *RM(IM)*OMEGA)/CP 
PSTAT=PREL*((TSTAT/TREL)**(GAM*EXPON)) 
PC0EF1=(PIP-PSTAT)/(.5»RH0S1*VI«VI) 
PC0EF2=<PSTAT-PSTAT1)*2./(RH0S1*VI*VI) 
AP=MV(I M)-CHDMOR(1) 
FLP"ITV(IM,SURF)-CHDTOR-PIT(SURF))*RM(IM) 
FNP=CD*AP/AD 
FLN=FLP-FNP 
FRACC=AP/AD+FLN*CD/AC/AC 
350 WRITE(I0,5100) IM ,HV( IM ) , FRACC, PCOEFl, PC0EF2, WMBdM, SURF ) , 
X PSTAT,TV{IM,SURF) 
C 
C COMPUTE LOCAL BLADE SURFACE STATIC TEMPERATURES, PRESSURES, 
C AND PRESSURE COEFFICIENTS BASED ON TANGENTIAL VELOCITY 
C COMPONENTS. 
C 
380 DO 500 SURF=1,4 
IMSS=IMS(SURF) 
IF(IMSS.LT.l) GO TO 500 
HRITEUO,5200) SURF 
DO 400 IHS-l,IMSS 
TSTAT=TREL-.5»(WTB(IHS,SURF)»WTB{IHS.SURF)-
X RMHCIHS,SURF)»OMEGA*RMHIIHS,SURF)*OMEGA)/CP 
PSTAT=PREL»((TSTAT/TREL)**(GAM*EXPON)) 
PC0EF1=(PIP-PSTAT)/(.5*RH0S1*VI*VI) 
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PC0EF2=(PSTAT-PSTATlJ»2./fRH0Sl*VI*VI) 
AP=MH(IHS,SURF)-CHDMORI1) 
FLP=ITH(IHS,SURF)-CHDTOR-PIT(SURF»)•RMH(IMS,SURF) 
FNP*CD*AP/AD 
FLN=FLP-FNP 
FRACC=AP/AD+FLN*CD/AC/AC 
400 WRITE(I0,5100) IMS,MH(IHS,SURF),FRACC,PC0EF1,PC0EF2, 
X WT8<IHS,SURF),PSTAT,TH(IHS,SURF) 
500 CONTINUE 
RETURN 
5000 F0RMAT(7F10.7) 
5020 F0RMAT(1H1,/////10X,7H BETAI«,F7.3.5X,5H VI=,F7.3) 
5030 FORMAT{//5X,6H TREL=,F7.2,2X,6H PREL=,F12.2,2X,8H TSTAT1», 
X F7.2,2X,8H PSTAT1=,F12.2,2X,7H RH0S1=,F7.4) 
5040 FQRMAT(//I0X,7H KAPIN=,F12.7,3X,8H KAP0UT=,F12.7,3X,8H STDKIN» 
1 F12.7,3X,8H R0TAN6=,F12.7,///,3X,5H RLE=,F11.8,3X,5H 0RI=,F11 
2 3X,7H XCTRN=,F11.8,3X,7H YCTRN=,F11.8,3X,5H YCI=,F11.8,3X, 
3 5H YC0=,FII.8) 
5090 FORHATIIHI,/////,10X,32H PRESSURE COEFFICIENTS AND BLADE 
1 31H SURFACE VELOCITIES FOR SURFACE,12,20H BASED ON MERIDIONAL 
2 24H COMPONENTS OF VELOCITY.///7X,3H IM,8X,2H M,IX, 
3 lOH FRAC CHR0,3X,7H PC0EF1,3X,7H PC0EF2,IX.9H VELOCITY,2X, 
4 lOH STAT PRES,8X,6H THETA/) 
5100 F0RMAT(I10,G11.4,F10.3,2FI0.4,FI0.2,F12.2,FI4.8) 
5200 FORMAT!1H1,/////10X,32H PRESSURE COEFFICIENTS AND BLADE 
1 3ÏH SURFACE VELOCITIES FOR SURFACE,12,20H BASED ON TANGENTIAL 
2 24H COMPONENTS OF VELOCITY. ///6X,4H IHS,8X,2H M,IX, 
3 lOH FRAC CHRD,3X,7H PC0EF1,3X,7H PC0EF2,1X,9H VELOCITY,2X, 
4 lOH STAT PRES,8X,6H THETA/) 
5300 FORMATt//5X,4H AD=,FI1.8,5X,4H CD=,F11.8,5X,4H AC=,F11.8, 
X 5X,8H CHDM0R=,F11.8,5X,6H DELM=,F11.8) 
END 
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Stream Function Interpolation in MAGNFY 
Coding was added to SUBROUTINE SLAVBB of MAGNFY to furnish the co­
ordinates at which several streamlines cross vertical mesh lines as out­
put. The primary motivation for the change was to obtain coordinates of 
the stagnation or dividing streamline downstream of the trailing edge. 
No additional input data is required. Output is labeled and self-
explanatory. The revised subroutine is listed below. 
StBROUTINE SLAVBBIIf.UPfEK.LOkER) 
C 
C SLAVBB CALCULATES RhO*h-SUB-M ALONG VERTICAL MESH LINES 
C 
CCMMCN SftW.lTER.IEN0.LER(2).NER(1) 
CCNMON /AUKRHO/ A(zùO0,4),U(2UU0),K(2000),RH0(20û0* 
CCMMCN /INP/ GAM,AR«TlF,RhOIP.taTFL« kTFLSP.CMEGA.ORF.BETAI.BETAO* 
lN08L.M8I.MB0.MB[2,MB02,MM,N6b[,N6L,NRSP,MBDYF,MB0YL,ITF,ITL, 
2dLCAT«AANOK,ERSOA,STRFN.[NT WL.SURVL•MAG FAC, 
3MR(SO;,RMSP(50*,8ESP(50) 
CCMMON /CALCCN/ M811*MBOO.MMM.MBiINI,MB II PI•MBOONl.MBOOPI.MMMML> 
lH>>l.i-M2.HH3,HT,OTLR,OMLRtPlTCh.CP.EXPON,TWW,CPTIP.TGROG,TBl.TaO* 
2LAM8CA,T*L,ITCR,ITMAX.NIP.IMS(4),8V(4),MV(100l,IV(i0i), 
3tiHV(100.4),RwBV(i00,4),ITV(100,6).TV(10 3,4)«OTOHVlLOO,4), 
4dETAV(i00.4t,HH(100,4J,OTOMH{10U,4),BETAH(100,41,RMH(100,4*, 
5dEH(100,4),RM(100),BE(100),0B0M(100J,SAL<lOOt,AAA(100) 
CCMMCN /RHOS/ RhOHB(100.4),RHCVB(100,4),R8VC100,4i 
01ME\SI0N M( 2000 ).Rl«M(200U).BETA( 2000 ) ,taHB( 100,4) .MT8( 100,4) , 
1XOOWN(800#,Y4CRCS(800),TSL(400),TSPClOO>,tSP(100),DU0T(100) 
DIMENSION UlNTt£),TINT(5) 
EQUIVALENCE (A(1.1)*W(1>)«(A( 1,2) *RtiH(i)) ,(A( 1,3) .BETAd) ), 
l(A<i.4),.M8( 1)>,(A(401.4) ,wTB(l)),(A(801,4) ,X00V«N(14) , 
2(K(l),YACROS(l)).<K(801),TSP(i)), 
3<K(901),USP(1>),(K(10C1I,0U0T(1)) 
INTEGER BLOAT.AANOK.ERSOR,STRFN,SURVL,AATEMP,SURF. 
1FIBST.UPPER,S1,ST,SRW 
REAL K.KAK.LAMBDA.LMAX.MM,MLE,MR,MSP,MV.MVlMl 
ITVU= MAX0(ITV(IM,UPPER),2) 
ITVL= MINOI ITVt IM,LOWER) , ITMAX-D 
NSP= ITVL-ITkU+3 
IF(NSP.LT.3) RETURN 
TSP(1)= FLOAT!1-ITCR)»HT 
IF(ITV(IM,UPPER).LT.2.CR.UPPER.EU.5) GO TC 10 
IF <TV(IM,UPPER).LT.TSPC1)> GC TO 10 
TSP(1)= TV(IP,UPPER) 
OSP(1 )= BVIUPPER) 
GC TO 20 
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10 USP(11= U6V(IK.L) 
?0 TSP(NSP)= FLOAT(ITMAX-£TOft>*HT 
[F([TV(IM.L0*ER).GE.ITMAX.0R.LOWkR.E0.6) GO TO 30 
[F (TV((M.LOWER).GE.TSF(NSP)i GO TO iO 
TSP(NSP)= TV(IM.LOhER» 
USP(NSP)= BVILOMER) 
GC TO 40 
30 LlSP(NSP)= UBVtlM.Z) 
40 NSFM1= NSP-1 
2 
IP= IPFl IM.ITVU) 
IPU= IP 
50 IF(IT.GT.NSPNl) GO TO 60 
TSP< rT)= FLOAT!IT-2+ITVU-I TDK)*HT 
IJSP( fT)= U< IP) 
n= IT+1 
IP= IP+1 
GO TO 50 
6C IF (lENW.LT.O) GO TO 67 
C 
C INTERPOLATE FOR STREAMLINE COOkOINATES 
C 
IF ((IH.E0.2).AN0.(UPPER.EU.5>) WRITE (6,1000) 
. NI = 5 
IF (IH.GT.MBOC) GC TO 62 
IF (LOWER.EO.6) GO TO 61 
UINTfa)=-.03 
UINT(î)=-.025 
UINT(3)=-.02 
UINT(4)=-.01 
UINT(5>=0. 
GC TO 63 
61 UINT(1)=0. 
UINT(2)=.01 
UiNT(3)=.02 
UINT(4)=.025 
UINT(5>=.03 
GC TG 63 
62 IJINTI1)= -.03 
UINT(<)=-.01 
UINT(3)=0. 
U(NT(4)=.01 
UINT(5 )=.03 
63 CALL SPLINT (USP.TSP.NSP.UINT,NI.TINT,AAA) 
DC 66 J=1.5 
66 AAA(J)=RMSP(1)*TINT(J) 
MR I TE(6,1010) MV(IM).(UINT(J).TINT!J).AAA(J),J=1,>) 
C 
C CALCULATE RHO*h-SUB-M IN THE REGION. ANO RHO*W AT VERTICAL 
C fESM LINE INTERSECTIONS ON THE BLADE SURFACES, OR RHO 
C CN THE HORIZONTAL BOUNCARIES 
C 
67 CALL SPLINEdSP.USP.NSP.DtOT.AAA) 
IPL- IP-1 
IT= 2 
IP= IPL 
70 IF(IP.GT.IPL) GC TO SC 
RMM(IP)= DU0T(IT)»WTFL/B£(IM)/RM(IM) 
IF= IP+1 
n= IT + 1 
GO TO 70 
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80 IF(ITV(IM.UPPER).LT.2.0R*UPPER.EU.5) GO TC 90 
IF (TVIIM,UPPER).IT.FLOAT(l-ITUR)*MT) GO TO 90 
C UPPER BLADE SURFACE 
WM8(If,UPPER)= OUOTI1)*WTFL/BE(IM)/RM(IM) 
KM0TU2 = (RM(IM)*OTDMV(IM,UPPER))**2 
IF(*MOTU2.GT.iOOCO.) kKB(fM,UPPER)=0. 
WMB(If,UPPER) = ABS(WPB(IK,UPPER))*S0RT(i.+RMDTU2) 
GO TO iOO 
C LCkER BOUNCARY 
SO RmMBV = OUOT( l )*KTFL/BE(IM)/RM(IM; 
RW= SURT(RKBV((M,L)**2*RWMBV**2) 
TwLMR= 2.*0MEGA*LAMBDA-(0MEGA*RM(IM))**2 
LER(l) = 1 
C ÛENSTY CALL NC. 1 
CALL 0ENSTY(RM.R8V(IM,1),ANS,TULMR.CPTIP.EXPON,RHÛIP•GAH,AR,TIP) 
100 IF<ITV(IM,LOWER).GE.ITMAX.OR.LOWER.EQ.6) GO TO 110 
IF CTVdM,LOWER).GE.FLOAT(ITMAX-ITOfi)«HT) GO TO liO 
C LOWER BLACE SURFACE 
WKB(IN,LOWER)= DUOT(NSP)*WTFL/BE< 
RMDTL2 = (RM(IM)*OTDMV(IM,LO*ER))**2 
IF(RMOTL2.GT.10COO.) WfBi lM.LCwER) = 0. 
WMBflM,LOWER) = A8S(WMB(IM,L0wkR))*SURT(i.+RM0TL2) 
RETURN 
C UPPER BCUNCARY 
110 RtaHBV = OUDT(NSP)*WTFL/BE(IM)/RM(IM) 
KW= S0RT(RWBV(IM,2)**2+RWMBV**2) 
T#LMR= 2.*CMEGA$LAMBCA-(0MEGA*RM#IM))**2 
LER(l) = 2 
C OEkSTY CALL NC. 2 
CALL OENSTY(Rw,RBV(IM,2),ANS,TWLMR,CPTIP,EXPOA,RHOIP,GAM,AR,TIP) 
RETURN 
iOCO F0RMAT(1H1,30X,22HSTREAMLINE COORDINATES///4X,12HM COORDINATE, 
X 2(VX.IOHSTREAM FN.,lOX,5HTHETA,4X,lOX,6HRTHETA,3X)//) 
1010 FORMAT (lX,7Gia.7/(19X,6G18.7)) 
FNO 
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Miscellaneous Coding Changes 
A number of miscellaneous coding changes were made to correct incor­
rect coding in TSONIC and MAGNFY. The changes to TSONIC (ref. 21) are 
listed below. 
1. In INPUT (page 48, ref. 21) changed BLANK to NLANK in the 15th 
and 16th statements to conform to FORMAT statement variable 
type 
2. In SCR (page 61, ref. 21) replaced statement 100 and the next 
two statements with the coding below to avoid subscripts out 
of range 
ICO IF (IP.Fu.l) Gtj TC lOl 
IF I (K.EO.MM) GO TO iJ2 
IP3= IPF( IM-1.IT3) 
(P4=IPF(iM+i,IT4) 
I;G TC 10 Î 
ICI rP4=IPF(IM+I.ITA) 
[Pj=IP4-NbBI 
(;C TO 1J3 
iC/ lt-3= IPF( IM-1 . IT3) 
IP^=IP3+NBrtI 
10-I IF (ORF.GT.l.) GO TO 11J 
3- In TANG (pages 66 and 67, ref. 21) changed AAA to AAA (1) in all 
ROOT calls. 
4- In MAIN (page 47, ref. 21) added "SRW =0." because it is not 
initialized for use in SPLINT 
5. In ROOT (page 87, ref. 21) added the coding below to handle the 
case where the root occurs at the left end of the interval. 
I F ( AoS( Y-FX 1 ) .UT. TOLEf^y ) Gu TL t> 
K = X  1 
«ETURN 
5 X? = B 
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The following changes were made to MAQIFY (ref. 23). 
1. In TANG (page 65, ref. 23) changed AAA to AAA(l) in all ROOT 
calls. 
2. Initialized SRW =0. in MAIN (page 41, ref. 23) because it is 
undefined in SPLINT 
3. In INPUT (page 47, ref. 23) add "IM = 1" after statement 220, and 
add "IF (KBDRY.EQ.4) IM = MMM" after "DO 230 KBDRY = 3,4," 
to avoid an undefined subscript 
4. In PRECAL (page 51, ref. 23) after "DO 190 SURF = 1.4", inserted 
"IF (IMS (SURF) . LE.O) GO TO 190" to avoid a zero subscript. 
5. In HRB (page 55, ref. 23) replaced the 8th through the 16th 
arithmetic statements with the coding below to avoid zero and 
out-of-range subscripts. 
IF (IT.EG.2) GO TG 10 
R{I)= RHC(IP-l) 
GO TC 20 
10 R(l)=RaV(IP,l) 
20 IF ( IT.eC.ITMAX-1) GO TC 30 
R(21= RHO( IP+U 
GO TO 40 
3C R(2)=RBV(IM,2) 
4: IF (IP.EQ.2) GO TC 60 
R(3)= RHO(IP3) 
GO TO 60 
5C R(3)=RBV(IT,3) 
60 IF (IM.EC.PMMMl) GC TG 70 
R(4)= RH0(IP4) 
GO TO 80 
7: R<4)=RBV(IT,4) 
8C BZ= BE(IM 
Ill 
6. In SOR (page 58, ref. 23) added "IF (IPI.LE.O) IPl = 1" after 
"IPl = IP - 1" and changed "IF (IM.EQ.2) IP3 = 0" to 
"IF (IM.EQ.2) IP3 = 1" and "IF(IM,EQ.MMMM1) IP4 = 0" to 
"IF (IM.EQ.MMMMl) IP4 = 1" to avoid zero subscripts. The 
coefficients of V(0) are always zero so V(l) can replace it 
with no error. 
7. In SPLINT (page 79, ref. 23) added "C(N) =0." after 
"C(l) = -.5". 
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APPENDIX B. ARBITRARY BLADE PROFILE GEOMETRY PROGRAM (ARBBP) 
The ARBBP program was written, to calculate geometrical input param­
eters (fig. 12) for the TSONIC and MAGNFY programs. It was written by 
making extensive modifications and additions to a similar program 
(ref. 28) to expand Its applicability to any profile shape described in 
one of the three coordinate systems shown in figure 13. The only restric­
tions on the profiles are that the leading and trailing edges must be 
either circular or sharp and that the profile must lie on a right circular 
cylinder or a plane. 
Three major tasks are performed by the ARBBP program. The input co­
ordinates are transformed into the staggered position in the coordinate 
system shown in figure 12; the transformed coordinates are interpolated 
at regular intervals to provide additional coordinate points ; and the 
tangency points and directions at the edge circles are determined for the 
suction and pressure surfaces. The tangency directions are determined 
in coordinate system 2 (fig. 13). A parabola is fitted to the three input 
coordinate points nearest the edge circle, and the XX-coordinate is deter­
mined for which the slopes of the parabola and the edge circle differ by 
less than a given tolerance. 
The transformed input coordinates are listed in the ARBBP output and 
often are the best points to use for TSONIC and MAGNFY input. These 
transformed coordinates normally are defined in the coordinate system of 
figure 12, but occasionally when the blade setting angle is quite large 
the suction surface will be a double-valued curve in that coordinate sys­
tem. To avoid this problem an artificial or fictitious leading edge 
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circle is defined and the coordinates are transformed to the coordinate 
system shown in figure 45. The "pressure" surface now includes part of 
the original suction surface and the original leading edge arc. Input 
data for TSONIC and MAGNFY are treated as usual except that two leading 
edge radii are used (RIl and RI2, fig. 12) rather than the original lead­
ing edge radius. 
The interpolation of coordinates is done in coordinate system 2 
(fig. 13(b)) using a piecewise cubic spline fit (ref. 29). Input param­
eters ISPP and ISPS are provided to allow different subsets of the input 
coordinate points to be used in calculating the spline fit. These input 
parameters can be very helpful in obtaining a spline fit with smoothly 
varying curvatures. The interpolated coordinate points appear in the 
output twice, once with respect to coordinate system 2 (fig. 13(b)) and 
once with respect to the coordinate system of figure 12. 
Many of the FORTRAN variable names in ARBBP are the same ones used 
in reference 29 for the same quantity. Slight differences exist in some 
cases, however, because coordinate system 2 (fig. 13(b)) is used as the 
basic coordinate system in ARBBP while coordinate system 1 was the basic 
coordinate system used in reference 29. Major differences in variable 
definitions occur when a fictitious leading edge circle (fig. 46) is 
necessary, although analogous definitions are used. 
The arrangement of the input data cards is shown in figure 48. The 
input variables are defined below. 
< 10 I. 1-0 41 ^.0 V 61 a< 
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Figure 48. - ARBBP Input data. 
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DELK camber angle, (()°, deg 
ISPP, spline fit option parameter: if ISPP(K) = 0 (ISPS(K) =0), the 
ISPS 
Kth pressure (suction) surface coordinate point is not used in 
the spline fit; if ISPP(K) = 1 (ISPS(K) = 1), the Kth pres­
sure (suction) surface coordinate point is used in the spline 
fit 
KAPIN blade inlet angle in staggered position, (fig. 3), deg 
KCORDS input coordinate system option parameters, 
1: coordinate system 1, dimensional coordinates 
2: coordinate system 1, coordinates normalized by chord 
3: coordinate system 2, dimensional coordinates 
4 : coordinate system 2, coordinates normalized by chord 
5: coordinate system 3, dimensional coordinates 
6: coordinate system 3, coordinates normalized by chord 
KIC inlet blade angle with respect to chord line (fig. 13), deg 
N number of blade segments comprising the blade section, must be 1 
NPTP number of (XXP, YPN) pressure surface coordinate pairs to be 
read as input 
NPTS number of (XXS, YSN) suction surface coordinate pairs to be 
read as input 
RADIUS radius from axis of rotation to cylindrical surface containing 
blade profile, meters (RADIUS is only used to convert tangen­
tial coordinates, R0, to 0-coordinates in radians) 
RIOC ratio of leading edge radius to chord 
ROOC ratio of trailing edge radius to chord 
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SOLID solidity, a 
TCHORD chord, c (figs. 13 and 42), meters 
TITLE identifying information 
XXP coordinate of pressure surface parallel to chord (fig. 13), 
meters 
XXS coordinate of suction surface parallel to chord (fig. 13), meters 
YCI dimensional distance between chord line and the center of the 
leading edge circle (fig. 45), meters 
YCO dimensional distance between chord line and the center of the 
trailing edge circle (fig. 44), meters 
YPN coordinate of pressure surface normal to chord (fig. 13), meters 
YSN coordinate of suction surface normal to chord (fig. 13), meters 
Output format for ARBBP is very similar to the output of reference 29 
with some additions and a few deletions. The first two pages list the in­
put data using the variable names as titles. These variables were defined 
above and will not be repeated. The next page contains the input coordi­
nate arrays in dimensional form. The next four pages contain intermediate 
results from the tangency point calculations. The headings are variable 
names which are defined at the beginning of the listing of subroutine 
ANGITR. 
If a fictitious leading edge circle is defined, the next two pages 
will contain intermediate results from calculations which determine the 
center and radius of the fictitious circle. The locations of the point 
which will fall on the origin in figure 46 and the tangency points on the 
fictitious circle are also given (with respect to coordinate system 2). 
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The tangency points are located so that the tangent angles in figure 46 
are ±88°. The headings on these two pages are variables which are defined 
on comment cards in the listings of subroutines ANGSER and LEDGE. 
The next page of output contains the input coordinate points trans­
formed into the coordinate system used in TSONIC and MAGNFY. They are 
referenced either to the coordinate system of figure 12 or figure 46. 
The headings are variable names which are defined on comment cards in 
subroutine BLDCDl. 
The next four pages list overall blade parameters and information 
about the blade in coordinate system 2 (fig. 13(b)). In case a ficti­
tious leading edge circle has been defined, the XX-axis of coordinate 
system 2 passes through its center rather than the center of the original 
leading edge circle. Some of the input quantities defined earlier are 
repeated under the heading of overall blade parameters. The other head­
ings are defined below and in figure 49. 
CHORD distance between extreme left and right edges of blade in coor­
dinate system 2 (fig. 49), meters 
CURVIP pressure surface curvature 
CURVIS suction surface curvature 
KIC angle between the tangent to the mean camber line at the lead­
ing edge and the line connecting the edge circle centers 
(fig. 13(b)), deg 
KIP slope of the pressure surface at the leading edge tangency 
point (fig. 49), deg 
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Y 
KOS KOP KIP 
THETA 
XOB 
CHORD 
Figure 49. - Output variables in coordinate system 2. 
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KIS slope of the suction surface at the leading edge tangency point 
(fig. 49), deg 
KOC angle between the tangent to the mean camber line at the trail­
ing edge and the line connecting the edge circle centers 
(fig. 13(b)), deg 
KOP slope of the pressure surface at the trailing edge tangency 
point (fig. 49), deg 
KOS slope of the suction surface at the trailing edge tangency 
point (fig. 49), deg 
PHIC camber angle, deg 
PHIP pressure surface camber angle, KIP + KOP, deg 
PHIS suction surface camber angle, KIS + KOS, deg 
PITCH blade pitch, s, meters 
RI radius of either the original or the fictitious leading edge 
circle, meters 
RIl radius of a fictitious arc from the origin of figure 46 to the 
tangency point on the suction surface (see also fig. 12), 
meters 
RI2 radius of a fictitious arc from the origin of figure 46 to the 
tangency point on the pressure surface (see also fig. 12), 
meters 
RO radius of the trailing edge circle, meters 
THETA angle between line connecting edge circle centers and line tan­
gent to edge circles (fig. 49), deg 
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XP XX-coordinate of interpolated point on pressure surface, coor­
dinate system 2, meters 
XS XX-coordinate of interpolated point on suction surface, coordi­
nate system 2, meters 
YP interpolated Y-coordinate of point on pressure surface, coordi­
nate system 2, meters 
YS interpolated Y-coordinate of point on suction surface, coordi­
nate system 2, meters 
The last four pages of output are intended for direct use as input 
for the inviscid flow programs. The output headings are defined graphi­
cally in figures 50 and 51 which were adapted from figures 15 and 16 of 
reference 28. Quantities required as input for TSONIC and MAGNFY are de­
fined below. 
BETIP (BETOP) angle with respect to z-direction at tangent point of 
leading (trailing) edge radius with pressure surface 
(fig. 51), deg 
BETIS (BETOS) angle with respect to z-direction at tangent point of 
leading (trailing) edge radius with suction surface 
(fig. 51), deg 
MCHORD length of blade in z-direction (figs. 50 and 51), meters 
MSPP (MSPS) z-coordinates of points on the pressure (suction) sur­
face at which blade coordinates (THSPP and THSPS) are 
given (fig. 51), meters 
RI (RO) leading (trailing) edge radius (fig. 51), meters 
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0 or R0 
MCTd) 
STGR(l) 
RSTGR(l) 
rMCL(l) THTEd) 
RTHTEd) 
THCT(l) 
RTHCT(l) 
•MCHORDd) 
— MTEd)-
Figure 50, - Blade section output variables used for inviscid flow programs 
(refs. 19, 21, 23. and 24). 
0 or R0 
MSPS 
STGR 
RSTGR 
THSPS 
RTHSPS 
MSPP 
THSPP 
RTHSPP BETIS 
BETIP 
MCHORD-
Figure 51. - Blade segment output variables used for inviscid flow programs (refs. 19, 
21, 23, and 24). 
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THSPP (THSPS) 9-coordinates of points on the pressure (suction) sur­
face (fig. 51) , meters 
A complete listing of the ARBBP program follows. 
CCHHON/INPijT/N.TChORO.SOLIO.OELK.KAPlNiRACIUSf 
1 RI0C(5).R00C(5),TITLE(12j 
CCHI'CN/OUrPUT/ChORO(3),GAHR(5)«PHtC(5) tPITCH 
COMMrN/COM l/Rni>*ROIl) «THÊTA U)» XI (l)fYl 
1 KiC(1).KOC(l).KIS(l).KCS(l)«PHIS(1),KQP(I>tPHlP(l). 
2 NDEL<1).XX(1.300),YS<1.300),YP(1,3G0) 
COMMON/CQM2/6AHS,MCHORO(1).RSTGR(1).STGR(1),MLE(1),RTHLE(1), 
ITHLEt1).MTE(1).RTHT£(IJ.THTEi1),MCL(I),ftThCL(i),THCt( 
1KTHCT( 1>,THCT(1),BETIS<1),BETCS(L),BETIF(1),BETCP(L),MSPSC1,300), 
1RTHSPS(1.300).THSPS(1,300).MSPP(I.300).RTHSPP(1,300),THSPP(1,300) 
REAL KIC.K0C,KIS,K0S,KIP,K0P,KAP1N 
REAL MLE,MTE,MCL.MCT,MCHORO,MSPS,KSFP 
10 CALL BLOCOl 
CALL IFINPT 
GO TO 10 
END 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
L 
c 
c 
c. 
c 
c 
c 
f 
c 
c 
c 
f 
c 
SUBROUTINE ANGIT(XC1,XC2,XC3,YC1,YC2,YC3,XIST.ER•XCTR,SIGN, 
1 ANGANS.XCIR.YCIR.J) 
THIS SUBPROGRAM CALCULATES THE SURFACE-EDGE CIRCLE TRANSITION 
PCINTS BY FITTING A PARABOLA TO THE FIRST CR LAST THREE POINTS 
ANC SOLVIhG FOR,THE POINT HAVING EQUAL SLOPES UN THE 
PARABOLA AND THE EDGE CIRCLE. 
TFE TANGENT ANGLE AT THE TRANSITION POINT IS 
C8TAINÊD BY DIFFERENTIATING THE EQUATION OF THE EDGE CIRCLE. 
A . B . C 
ANGANS 
CYCXC 
CYDXP 
FPS(L) 
ER 
COEFFICIENTS CF THE LAGRANGIAN INTERPOLATING 
POLYNOMIAL FITTING THE SURFACE COORDINATES. 
ANGLE BETWEEN TANGENT AT EDGE CIRCLE-BLADE SURFACE 
TRANSITItN POINT wITH RESPECT TC CHORD LINE THROUGH 
EDGE CIRCLE CENTERS. 
SLOPE OF TANGENT TO EDGE CIRCLE 
SLCPE OF TANGENT TO PARABOLA FITTED THROUGH 
THREE BLADE SURFACE POINTS. 
DIFFERENCE BETWEEN SLOPES ON THE BLADE SURFACE 
AND EDGE CIRCLE AT ESTIMATED XX LOCATION OF 
TRANSITION POINT. 
RAOILS OF EDGE CIRCLE. 
c  FL VARIABLE DIVISOR USED TO ADJUST X( I )  WHEN IT  FALLS 
C ncTSICE THE EDGE CIRCLE.  
C %( I *  ESTIMATED XX LOCATION LF SURFACE-EDGE CIRCLE 
C. TRANSITION POINT.  
C XCIR XX LOCATION OF SURFACE-EDGE CIRCLE TRANSITION POINT,  
r  XCTR XX LOCATION OF EDGE CIRCLE CENTER 
C XC1.XC2.  ABSCISSAS OF ThREE BLADE SURFACE POINTS NEAREST TO THE 
r  XC3 EUGE CIRCLE.  
C XNXT VALUE OF XX OBTAINED BY INTERPOLATION USING EPS=0.  
C XX(J .K)  COORDINATES ALONG L INE TANGENT TO EDGE CIRCLES 
C XIST INIT IAL GUESS AT XX LOCATION OF SURFACE-EDGE 
r  TRANSITION POINT 
C VOIR ORDINATE OF EDGE CIRCLE AT X( I ) .  
C VCl ,yC2.  ORDINATES OF THREE BLADE SURFACE POINTS NEAREST TO THE 
C VC3 EDGE CIRCLE.  
0  YPAR ORDINATE OF BLADE SURFACE AT X( I ) .  
COMMON/ INOLT/  11 ,10  
DIMENSION EPS(2) ,ER(1) ,X(2)  
C CALCULATE SURFACE PARABOLA COEFFICIENTS 
A =  yC l / (  < XCi -XC.2  ) *<XC1-XC3» )+YCi / (  (XC2-XCl>»(XC2-XC3)  )  
I  +YC3/ i<XC3-XC1)  •<XC3-XC2)> 
M=-YC1*(XC2+XC3) / ( (XC1-XC2)* (XC1-XC3) )  
I  -YC2»< XC1+XC3) / ( (XC2-XCi )»(XC2-XC3»)  
?  -YC3*<XCl+XC2) / ( (XC3-XC1)»(XC3-XC2»> 
C=yCl»XC2*X03/<(XOl -XCi )»<XC1-XC3) )  
1  •YC2*XCl»XC3/ ( (XC2-XC1)* (XC2-XC3)J  
2  +YC3*XCl»XC2/ ( (XC3-XC1)* (XC3-XC2) )  
C 
C BFGIN TRANSITION LOCATION ITERATION 
C 
MR ITE(  10 .5000)  
X( i )=  XIST 
no 200 1=1.<0 
X( l )=  X(2) - .04»ER(J)  
no 100 L=1.2 
FL=23—I—L 
IF(ABSIX(L) -XCTR>.GT.ER(J) )  X(L»=XCTR+EP(J l /FL  
YCIR=SIGN*SOf tT<ERU)#ER(J>- (  X<L) -XC7R)»(X(L I -XCTR))  
OYCXC=-SIGN»IX(L) -XCTR) /S<JRT(ER(J I *ER(J) - (X(L»-XCTR)  
1  * (X( l ) -XCTRI)  
OYCXPaZ.*A*X(L)+B 
YPAR=A*X(L)*X(L)+B*X(L)+C 
EPS(L)=OYDXP-OYOXC 
WRITE!10.5010)  L .X(L) ,OYOXP.DY&XC,EPS(L) .YPAR,YCIR 
IF(ABS(EPS(L)) .LE..000001) GC TO JCQ 
100 nCNTINUF 
f 
C INTFBPCLATfc  FOR XX AT WHICH EPS=C.  
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CALL FITLIN <XKXT.0..XtEPS) 
MRITE( in.5û3C) XNXT 
IF (XNXT.GE.O.) GO TO 200 
XiST=XlST/4. 
XNXT=X1ST 
20Û X(2)= XNXT 
WRITE* 10.5020 
300 ANGANS=ATAN<OYOXP) 
XC[R=X(L) 
RETURN 
6000 FCRMAT(///9X.lHL.8X,4HX(L)*7X.SH0Y0XP.7XT5H0Y0XC 
1 .9X,3hEPS.7X.5H YPAR.7X,5H YCIR/) 
5010 FCRMATII10.6F12.8i 
5020 F0RMAT(//10X.44hTRANSfTI0N POINT ITERATION 010 NOT CONVERGE 
1 .ilhIN 20 TRIES//) 
5030 F0RMAT(/10X,6H XNXT=,F11.8) 
5050 FORMAT*/5X.6hXlST= .F11.8*3X.7HER(J)= .Fll.8.3X.6HX(i.)- ,Fli.8,3X, 
1 6HX(i)= ,F11.8/) 
5060 FORMAT(/iOX.3HA= .F10.7,3X.3HB= ,Fi0.7,3X,3HC= ,Fi0.7,3X,6HXCTR= , 
1 F10.7/) 
ENC 
SC8R0UTINE ANGSER(XANS.YANS.ANGVAL.CURAKS> 
C 
C This SUBROUTINE CALCULATES THE COORDINATES, (XANS,YANS>t 
C OF THE POINT ON THE SURFACE CESCBIBED BY (XSPS.YSPS) 
C kl-ERE THE SURFACE TANGENT ANGLE EUOALS ANGVAL. THE 
C CURVATURE OF THE SURFACE IS ALSO COMPUTED AT THAT POINT. 
C 
C ANGVAL SPECIFIED SURFACE ANGLE. RAD. 
CUBANS CURVATURE AT XANS. 
CTDMN FIRST DERIVATIVE OF SPLINE CURVE AT XNEW. 
CYCXS(L) FIRST DERIVATIVE OF SUCTION SURFACE AT SPLINE POINT. 
EMNEm SECOND DERIVATIVE OF SPLINE CURVE AT XNEW. 
FFSL<I) DIFFERENCE BETWEEN DESIRED SURFACE SLOPE AND 
THE SURFACE SLOPE AT XCR(I). 
fOERIV TANGENT OF ANGVAL. 
XANS X-COORDINATE WHERE THE SURFACE ANGLE IS EUUAL 
TO ANGVAL. 
XCR(I) ESTIMATED XXS-LOCATIUN WHERE THE SURFACE ANGLE 
IS EQUAL TO ANGVAL. 
XNE. NEXT BEST ESTIMATE FOR XXS-LOCATICN WHERE THE 
SURFACE ANGLE IS EQUAL TO ANGVAL. 
VANS ORDINATE AT XANS. 
YNEw ORDINATE OF SPLINE CURVE AT XNEw. 
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CCHMON/HLOK A/ GAMS.PI,R11,RIZ 
CCMMCk/COORU/ CURVIP( lOU» ,CUkVIS( 100) ,CliRVP(!>Ot tCURVS(50>* 
1 OYOXPiJO) .OYOXSIZO) ,EHP(20> .EHPK^O) .E^S (20) ,EMS 1( 20 } t RTHP ( 50) . 
y RTHS(bO).TP(bO).rS(5C),XÀP(50),XMS(ïO),XP(iOO).XS(100)tXSPP(100). 
3 XSPS(IOU*.XXP(bO),XXS(50).YPI(bO).YPN(bO),YSI(SU),YSN(SO), 
4 VSPPi100),YSPS(100) 
CCKMON/INOLT/ 11.10 
CCMMCN/INTEGR/ KKOT,LHAXP.LHAXS.NOELJ.NOELJP.NOELJS,NPTP. 
1 NPTPP.NPTS.NPTSS 
DIMENSION CUKANSI1),0TDMN(1).EPSL(2).XCR(2).XNEM(1)•YNEWI1) 
C 
c 
C SEAKCH fCR SPLINE POINTS WHOSE SLOPES BRACKET ANGVAL 
r 
fOERIV* TAM ANGVAL) 
00 800 L=2.LMAXS 
IFIFDERIV.GT.OYDXSIL)) GO TC SOO 
SCO CONTINUE 
900 XCR(1)= XSPS(L-l) 
XCRI2)= XSPSIL) 
ePSl(l)= FDERIV-DYDXS(L-l) 
EPSL(2)= FOERIV-OYOXS(L) 
00 lOOC 1=1.2 
IFIAHSIEPSIII)) .LE. .00001) GO TO 1200 
1000 CONTINUE 
wRITFI 10.9100) 
00 1100 Kl=1.25 
WRITE!10.9 200) (KL,XCR(I)»EPSL(I),1=1,2) 
C 
C INTERPOLATE fOR NEW BEST ESTIMATE OF XANS 
CALL FITLN (XNEW.0..XCR.EPSL) 
IF(XNEk(l).lEVxSPS(L-l)) XNEk(l)=(XCR(l)+*SPS(L-l))/2. 
IF(XNEb(1) .GT.XSPSIL)) XNEwli)=(XCR(i>+*SPS(L))/2. 
C 
C IhTFRPOLATF SPLINE CURVE FIT FUR SLOPE AT XNEW 
CALL SPLN IXNEM.YNEW.XSPS*YSPS,EMS.DTOHN,CURANS, 
i LMAXS.l) 
WRITE!10.9300) XNEU.YNEW.FOERIV.OTOfN 
IF(ARS!FOEftIV-OTOMN(l)) .Lc. .00001) GO TO 1400 
XCR!2)= XCR!1) 
XCRil)= XNEkll* 
EPSL(2)= EPSLIl) 
1100 EPSLIl)= FOERIV-OTOHN(l) 
MR ITEI 10.9400) 
STOP 
12J0 XANS= XCR!I) 
IF!I .EO. 2i GO TO 1300 
YANS= YSPS(L-l) 
CURANS!1)= CURVlSIL-1) 
RETURN 
1300 YANS= YSPS(L ) 
ClJRANSl l)= CURVISIL) 
RETURN 
1400 XANS= XNEW(l) 
YAhS=YNEw!1) 
RETURN 
9100 FORMAT!I7X,3H KL,9X.4H XCR.BX.SH EPSL//) 
<4200 FCRMAT 1 11X. I10.2F13.8) 
9300 FCRMATI10X.6H XNEW=.F10.7.7H YNEW*,F10.7,9H FDERIV»,FiO.7. 
1 8H DT0MN=.F10.7//; 
400 FCRMAT!////,20X,23H FOERIV CALCULATION CIO. 
1 31H NOT CONVERGE IN 23 ITERATIONS.) 
END 
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Si iHRGLTlNE BLOCOl  
TI-I.S SUBHKUGRAM CALCULATES BLADE SURFACE CCOROINATES WITH RESPECT 
ir. A CHORD LINE THROUGH THE CENTERS OF THE LEADING ANÛ TRAILING EDGE 
CIRCLES ANC A LINE NORMAL TO THE CHORD AND TANGENT TU THE LEADING 
EDGF CIRCLE. BLADE SURFACE TANGENT ANGLES ARE ALSO OBTAINED AT 
Tt-8 PUINIS WHERE THE SURFACES ARE TANGENT TO THE EDGE CIRCLES. 
PERMISSIBLE BLADE PROFILES MUST HAVE CIRCULAR OR SHARP EDGES. 
CnOROINATE SYSTEMS FOR INPUT BLADE COORDINATES MUST HAVE ONE AXIS 
PASSING THROUGH THE CENTERS OF THE EDGE CIRCLES, TANGENT TO THE 
EDGE CIRCLES. OR PASSING THROUGH THE INTERSECTIONS OF THE 
MFAN CAMBER LINE AND THE EDGE CIRCLES. INPUT COORDINATES MAY 
BE NORMALIZED BY ThE CHORD LENGTH IF DESIRED (SEE DEFINITION 
CF KCCRDSi. 
ANGANS 
CHOKMIJI 
f hPO 
CURUIP 
CUBVIS 
CURWP 
CbRWS 
CYOXP(L)  
CYCXStL ) 
C2Y0XP 
CPYDXS 
EHP 
EMS 
EMPl 
EMSl 
ER( J > 
t-KISA 
fKIPA 
ANGLE OF SURFACE TANGENT AT LEADING OR TRAILING 
EDGE TRANSITION POINTS 
LENGTH OF CHORD LINE THROUGH EDGE CIRCLE CENTERS. 
LENGTH OF CHORD LINE TANGENT TO EDGE CIRCLES 
CURVATURE AT INTERPOLATED PCINTS CN PRESSURE SURFACE. 
CURVATURE AT INTERPOLATED POINTS CN SUCTION SURFACE. 
CURVATURE AT INPUT POINTS ON PRESSURE SURFACE. 
CURVATURE AT INPUT POINTS ON SUCTION SURFACE. 
FIRST DERIVATIVE OF PRESSURE SURFACE AT SPLINE POINT. 
FIRST DERIVATIVE OF SUCTION SURFACE AT SPLINE POINT. 
SECOND DERIVATIVE ON PRESSURE SURFACE. 
SECCJND DERIVATIVE ON SUCTION SURFACE. 
SECOND DERIVATIVE UN PRESSURE SURFACE AT SPLINE POINT 
OBTAINED USING A DOUBLE SPLINE FIT PROCEDURE. 
SECOND DERIVATIVE ON SUCTION SURF/CE AT SPLINE POINT 
OBTAINED USING A DOUBLE SPLINE FIT PROCEDURE. 
SECOND DERIVATIVE ON PRESSURE SURFACE AT SPLINE POINT 
OBTAINED USING A SINGLE SPLINE FIT PROCEDURE. 
SECOND DERIVATIVE ON SUCTION SURFACE AT SPLINE POINT 
OBTAINED USING,A SINGLE SPLINE FIT PROCEDURE* 
RADIUS OF EDGE CIRCLE 
ANGLE OF SUCTION SURFACE AT LEADING EDGE 
TRANSITION POINT kITH RESPECT TC THE CHORD 
LINE THROUGH THE EDGE CIRCLE CENTERS. 
ANGLE OF PRESSURE SURFACE AT LEADING EDGE 
TRANSITION POINT WITH RESPECT TC THE CHORD 
LINE THROUGH ThE EDGE CIRCLE CENTERS. 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
f 
c 
c 
c 
c 
c 
c 
c 
c 
c 
f 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
f. 
c 
c 
c. 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
FKOPA 
FKOSA 
GAMS 
[ I 
m 
ISPPIKI. 
tSPStK) 
KCCROS 
K[C(J) 
KRCr  
LMAXS 
l MAXP 
NPTP 
NPTPMl 
SPTS 
NPTSMl 
P I 
ANGLE Of PRESSURE SURFACE AT TRAILING EDGE 
TRANSITICN POINT WITH RESPECT TC ThE CHORD 
LINE THROUGH THE EDGE CIRCLE CENTERS* 
ANGLE OF SUCTION SURFACE AT TRAILING EDGE 
TRANSITION POINT kITH RESPECT TC THE CHORD 
LINE THROUGH THE EDGE CIRCLE CEATERS. 
BLADE SETTING ANGLE PLUS RCTANG. 
CARD READER REFERENCE NUMBER 
LINE PRINTER REFERENCE NUMBER 
OPTION PARAMETERS PERMITTING CHCICE OF INPUT 
COORDINATES TO BE USED IN SPLINE FIT INTERPOLATION. 
ISPP(K)=0 * KTH COORDINATE CN PRESSURE SURFACE 
NOT USED 
=1 * KTH COORDINATE ON PRESSURE SURFACE 
IS USED 
ISPS(K)=0 * KTH COORDINATE ON SLCTION SURFACE 
NOT USED 
=1 * KTH COORDINATE CN SUCTION SURFACE 
IS USED 
I* DIMENSIONAL COORDINATES FROM LINE TANGENT TO EDGE CIRCLES 
2* NONOIMENSICNAL COORDINATES FROM LINE TANGENT TO EDGE CIRCLES 
3* DIMENSIONAL COORDINATES FROM LINE THRU EDGE CIRCLE CENTERS 
4* NONOIMENSIONAL COORDINATES FRCP LIKE THRU EDGE CIRCLE CENTERS 
5= DIMENSIONAL COORDINATES FROM LINE THROUGH 
INTERSECTICNS OF EDGE CIRCLES AND MEAN CAMBER 
LIMES. 
6= NONOIMENSICNAL COORDINATES FBOK LINE 
THROUGH INTERSECTICNS OF MEAN CAMBER LINE 
AND EDGE CIRCLES. 
(COORDINATES NORMALIZEU BY THE CHCRD LENGTH) 
INLET BLADE ANGLE tulTh RESPECT TO CHORD LINE, DE G 
0= IF SUCTION SURFACE DOES NOT EXTEND UPSTREAM OF 
THE LEADING EDGE CIRCLE. 
1= IF SLCTION DOES EXTEND UPSTREAM OF THE 
LEADING EDGE CIRCLE. 
NUMBER OF SUCTION SURFACE COORDINATES USED 
IN SPLINE FIT INTERPOLATION. 
NUMBER OF PRESSURE SURFACE COORCIAATES USED 
IN SPLINE FIT INTERPOLATION. 
NUMBER OF (XXPN.YPN) PRESSURE SURFACE COORDINATE PAIRS TO BE READ 
NPTP MINUS 1. 
NUMBER OF (XXSN,YSN) SUCTION SURFACE COORDINATE PAIRS TO BE READ 
NPTS MINUS 1. 
THE CONSTANT 3.1415926b. 
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C RANG 
C 
C 
C RCTANG 
r 
C 
C RTHP 
C 
C 
C RTI-S 
C 
S tGN 
IK IP 
ANGLE BETWEEN LINE CCNNECTING ECGE CIRCLE CENTERS 
AND CHORD LINE TANGENT TO EDGE CIRCLES. 
ANGLE BETWEEN INPUT CHORD LINE ANC CHORD LINE 
THROUGH CENTERS OF EDGk CIRCLES. 
PRESSURE SURFACE R X THETA COORCINATE IN IDEAL 
FLOW PROGRAM COORDINATE SYSTEM. 
SUCTION SURFACE R X THETA CCORDINATE IN IDEAL 
FLOW PROGRAM COORDINATE SYSTEM. 
+1 ON SUCTION SURFACE. -1. CN PRESSURE SURFACE 
TANGENT TO THE XSPP-YSPP CURVE AT THE 
FIRST XSPP POINT. 
TKOS 
TKIS 
TANGENT TC THE XSPS-YSPS CURVE AT THE 
LAST XSPS POINT. 
TANGENT TC THE XSPS-YSPS CURVE AT THE 
FIRST XSPS POINT. 
TKOP TANGENT TO THE XSPP-YSPP CURVE AT THE 
LAST XSPP POINT. 
TP(K> PRESSURE SURFACE THETA COORDINATE IN IDEAL FLOW 
PROGRAM COORDINATE SYSTEM. 
TS(K) SUCTION SURFACE THETA COORDINATE IN IDEAL FLOW 
PROGRAM CCORDINATE SYSTEM. 
XCKXCO) DISTANCE BETWEEN THE END OF THE CHORD LINE AND A LINE 
NORMAL TO THE CHORD PASSING THROUGH THE CENTER OF THE 
LEADING (TRAILING) EDGE CIRCLE. 
XCl.XC2. 
XC3 
XHP(Ki 
XMS(K) 
XSPP(K) 
XSPS(K) 
CHORDWISE POSITION OF SURFACE PCINTS 
PRESSURE SURFACE MERIDIONAL COORDINATE IN 
INVISCIO FLOW PROGRAM COORDINATE SYSTEM. 
SUCTION SURFACE MERIDIONAL COORCINATE IN 
INVISCIO FLOW PROGRAM COORDINATE SYSTEM. 
INPUT COORDINATES USED IN SPLINE INTERPOLATION 
ON PRESSURE SURFACE. 
INPUT COORDINATES USED IN SPLINE INTERPOLATION 
ON SUCTION SURFACE. 
XXOC(K) 
XXp(K>« 
XXPMK ) 
XXS(K), 
XXSNtKt 
BLADE COORDINATE ALONG CHORC NORMALIZED BY 
CHORD LENGTH-
COORDINATE OF PRESSURE SURFACE PCI NT PARALLEL TO CHORD 
COORDINATE OF SUCTION SURFACE POINT PARALLEL TO CHORD 
YCI DIMENSIONAL DISTANCE BETWEEN CHCRC LINE AND 
CENTER OF LEADING EDGE CIRCLE. 
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Y CO 
VC1.YC2. 
YC3 
VMAX 
VPN(K> 
VPOC<K» 
UIMENSICNAL DISTANCE BETWEEN CHCRC LINE AND 
CENTER CF TRAILING EDGE CIRCLE. 
DISTANCE FROM THE CHORD OF SURFACE POINTS 
APPROXIMATE MAXIMUM ORDINATE OF SUCTION SURFACE 
WITH RESPECT TO CHORD LINE. 
COORDINATE OF PRESSURE SURFACE POINT NORMAL TO CHORD 
DISTANCE FROM CHORD LINE TO PRESSURE SURFACE 
NORMALIZED BY CHORD LENGTH. CHCRC LINE IS TANGENT 
YSN(K) COORDINATE OF SUCTION SURFACE PCINT NORMAL TO CHORD 
YSPP(KI INPUT COORDINATES USED IN SPLINE INTERPOLATION 
ON PRESSURE SURFACE. 
YSPSiK» INPUT COORDINATES USEU IN SPLINE INTERPOLATION 
ON SUCTION SURFACE. 
VSOC(K) DISTANCE FROM CHORD LINE TO SUCTION SURFACE 
NORMALIZED BY CHORD LENGTH. 
COMMON/INPUT/N.TCHORD.SOL ID.DELK.KAPIN.RADIUSf 
1 RinC(5).R00C(5>.TITLE(121 
COMMON/INADD/ YCI.YCO 
CCI'MCN/0UTPLiT/CH0RD(5)fGAMR(5) .PHIC(5) «PITCH 
COMMON/COMl/RI(i).RO(l).THETA(i),XL(1I.Y1(1>tX2(L).Y2(11, 
1 KIC( J >.KOC( li.KIS(l) .KOSUl .PHIS(I>.KIF( 11 .KOPd )«PHIP(1)* 
2 NDELlll.XXI 1.300 l.YSd «3001 .YP( 1.3001 
CONMON/BLOK A/ GAMStP1.RIl.RI2 
COMMON/COORD/ CURVIP(1001.CURVIS(1001.CURVP(501.CURVS(50l. 
1 DY0XP(201.DYDXS(2U1.EMP(201.EMPl(201.EMS(20).EMSK201.RTHP(501. 
2 RTHS(501,TP(50}.TS( 50),XMP(Î)01 .XMSISOl .XPdOOl .XS( 1001,XSPP( 1001 . 
i XSPS(10i31.XXP(501.XXS(5Jl.YPI (501, YPN(501,ySI(501.YSN(501, 
4 YSPP(1001.YSPS(1001 
COMMON/INOLT/ I I.10 
COMMON/INTEGR/ KROT.LMAXP .LMAXS.NDELJ.NDELJP.NDELJS.NPTP. 
1 NPTPP.NPTS.NPTSS 
COMMON/OPT/ ISPPt501,ISPS(501.KCORDS 
DIMENSION XXUC(30U1.YP0C(300).YSOC(3001. 
1 CVCX IP(300I.DYDXIS(3001 
REAL KIC.KOC .KI S.KOS.KIP.KOP.KAPIN 
0 
0 
CALL INPUT 1 
C 
C INITIALIZE VARIABLES AND CONVERT UNITS 
r 
J* 1 
OEIK ^ DELK/57.295779 
KIC(Jl-KIC(Jl/57.295779 
PITCH= TCHORD/SOLID 
CHRO-TCHORO 
CHORD*Jl = TCHORD 
KRCT=0 
PI=3.14159265 
RKJl = RlOCIJl * TCHORC 
liO(J) » ROOCtJl » TCHORD 
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C Ct-ECK INPUT 8l*0E COORDINATE SYSTEM 
C 
IF ((KCOROS.EU.ii.OK.(KCUROS.EU.«).CR.(KCCRDS.EO«u)> GO TO 300 
FF(KCOROS.E0.3) GO TU 920 
IF (KC0KDS«E0«5> GO TO 650 
GO TO 730 
C 
L CONVERT NCNOIMENSICNAL COORDINATES TO CIMENSIONAL COORUINATES 
C 
3C0 on 500 K=1.NPTS 
XXS(K> = TCH0R0*XXS(K) 
300 YSNtKt = TCHORC*YSN(K) 
no 600 K=1.NPTP 
XXPIKi = TCHORD*XXP(K) 
600 YFN(K) = TCH0R0«YPN(K) 
WR[TE(10.4045) 
«IR ITE( 10.4047) (K,XXS(K),YSN(K),K*I TNPTS) 
WRITE!TO.4060) (K.XXPTK)TYPN(K),K'L.NPTPI 
IF (KCCRDS.E0.2) GO TO 730 
IF(KC0RUS.E0.4) GO TO 920 
f 
C MAP COORDINATES INTO COORDINATE SYSTEM WITH CNE AXIS 
c THROUGH THE EDGE CENTERS AND THE OTHER AXIS TANGENT TO 
C ThE LEADING EDGE. 
C 
650 XCI=SGRT(RI(J)*RIIJ)-YCI*YCI) 
660 XCO= SCRT(RO(J)*RCIJ)-YCO*YCO) 
ROTANG=ATAN(tYCI-VCC)/(TCHORD-XCI-XCO)) 
CHORD(J)= < TCHURO-XCI-XCO)/CCS(ROTANG) + BI(J)*RC(J) 
<IC(J)=K[C(J)+RCTANG 
DC 700 K=i.NPTS 
XXS(K)>(XXS(K)-XCI)*CCStROTANG)-(YSN<K)-YCI) 
1 *SIN(RnTANG)+RI(J) 
7UÛ YSN(K)=(XXS(K)-XCI)*SIN(RCTANG)+(YSN(K)-YCII 
1 *COS(ROTANG) 
00 720 K=1,NPTP 
XXP(K)'(XXP(K)-XCI)*CCS(ROTANG)-(YPK(K)-YCI) 
1 *SIN(ROTANG)*RI(J) 
720 YPN(K)=(XXP(K)-XCI)*SIN(ROTANG)+(YPN(K)-YCI) 
1 *COS(ROTANG) 
GO TO 920 
C 
C MAP COORDINATES INTO COORDINATE SYSTEM WITH CNE AXIS 
C THROUGH THE EDGE CENTERS AND THE OTHER AXIS TANGENT TO 
C TT-E LEAD ING EDGE. 
C 
730 *ANG=ASIN((RI(J)-R0(J))/(CHKO-RI(J)-RC(J))) 
CHORD(J)=(CHRD-RI(J)-BC(J))/CCS(RANG)+RI(J)+RO(J) 
K ICIJ)=KIC(J)+RANG 
00 840 K=1.NPTS 
XXS(K)=(XXS(K)-RI(J) )4>C0S(KANG)-( YSMK)-RI( J) )*SIN(RANG)+RI(J) 
U4U YSN(K)=(XXS(K)-RI(J))*SIN(RANG)+(YSN(K)-RI(J)j*COS(RANG) 
DO 660 K=i.NPTP 
XXP(K)=(XXP(K)-RI(J))*CCS4RANG)-(YPN(K)-RI(J))*SIN(RANG)+RI(J) 
660 YPN(K)=<XXP(K)-RI(J))*SIN<RANG)+(YPN(K)-RI(J))*COS(RANG) 
C 
C INITIALIZATION OF VARIABLES FOK SPECIAL CASE N>1 
C 
9/0 PHIC(J) = CELK 
GAMR(J) = 0. 
Tt-ETA(J) > ATAN((KI(J)-RO(J))/(CHORO(J)-RI(J)-RC(J))) 
XKJ) = 0. 
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YKJJ « 0. 
Xj(J)=CHORO(J) 
Y2(J)*0. 
C 
C CALCULATE BLADE SURFACE TANGENT ANGLES AT LEADING AND TRAILING 
C EDGE TRANSITION POINTS 
C 
C SUCTICN SURFACE, LEACING EDGE* 
C 
XIST = RI(J) $ CI.-SIN(KIC(J)>) 
XCTR = RKJ) 
WR(TE(10.6100) 
6100 FORMAT!1H1////10X,26H TANGENCY POINT ITERATIONS///* 
WRITE(10.6200) 
6200 F0RMAT(10X.3CH SUCTION SURFACE. LEACING EDGE) 
WRITE! 10.5050) XIST.RKJ) 
CALL ANGIT(XXS(^).XXS(3),XXS(4).YSN(2).YSN(3),YSN(4), 
1 X 1ST,RI.XCTR,I..FKISA,XXS( 1) .YSNd ). J) 
KIS(J) =FKISA 
C 
C PRESSURE SURFACE, LEADING EDGE* 
C 
mR ITE< 10.6300) 
6300 FORMATC1H1////10X.31H PRESSURE SURFACE, LEADING EDGE) 
XIST ' RI(J) * (1.-SIN(KIC<J))) 
CALL ANGIT(XXP(2),XXP(3),XXP(4),YFN(2),YPK(3),YPN(4), 
1 X1ST,RI.XCTR.-1..FKIPA,XXP( D.YPNI 1) ,J) 
KIP(J) =FKIPA 
C 
C SUCTION SURFACE. TRAILING EDGE* 
C 
WRITE!10.6400) 
6400 FORMAT!1H1////10X,31H SUCTION SURFACE. TRAILING EDGE) 
KOCIJ) = KICIJ) - OELK 
XIST= CHORD!j) -R0!J)»!1<-SIN!-K0C!J))) 
XCTR% CHORD!J) - RO!J) 
C ALL ANGIT! X XS!NPTS-3),XX SINPTS-2).XXS< NPTS-l),YSN!NPTS-3), 
1 YSN !NPTS-2).YSN!NPTS-1).XIST.RO.XCTR, 1..FKOSA, 
2 XXS!NPtS).YSN!NPTS).J) 
KOSiJ) =FKOSA 
C 
C PRESSURE SURFACE. TRAILING EDGE* 
C 
wRtTF! lO.65001 
6500 FORMAT!1H1////10X.32H PRESSURE SURFACE. TRAILING EDGE) 
XIST=CH0R01J)-R0!J)*!1.-SIN1-K0C!J>)) 
CALL ANGIT!XXP!NPTP-3).XXP!NPTP-2).XXP!NPTP-1),YPNlNPTP-3), 
1 YPN!NPTP-2).YPN!NPTP-i).XIST.RO.XCTR1..FKOPA, 
2 XXP1NPTP).YFN!NPTP).J) 
KOP:J) =FKOPA 
r 
C RCTATE COCROINATES INTO INVISCID FLOW PROGRAM COORDINATE SYSTEM. 
C 
GAMS=IKAPIN/57.295779)-KIC!J) 
lFC!PI/2.-KIS!J)).LT.GAMS) KR0T=1 
IFiKRCT.EU.l) GC TO 140C 
DO 1300 K=1.NPTS 
XMS!K)=!XXS!K)-RI!J))*C0S!6AMS)-YSN!K)*S[h!GAMS)+RI(J) 
RTHS!K)=!XXS!K*-RI!J))*SIN!GAmS)+YSNIK)*CCS(GAMS) 
13U0 TS!K)-RTHS!K)/RAOIUS 
00 1320 K=1.NPTP 
XMP!K)=(XXPIK)-RI!J))*COS!GAMS)-YFN!K)$SIN!GAMS*+RI(J) 
RTHP!K)=!XXP!K*-RI!J))*SIN!GAMS)+YPN!K)*CCS(GAMS) 
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13VU TP(K)=BTHP(K>/KACIUS 
MRITE( in.4050) (K.XXS(K.).YSN(K)«XMS(K> .TS (K) t RTHS (K) t K>11NPTS ) 
wRITEfr0.406S) <K.XXP(K>.YPN(K).XNP(K>tTP(K)tRTHP(Ki tK-1,NPTP) 
C 
C SELECT INPUT COOROINATES TO BE USED IN SPLINE FIT 
C 
1400 L=1 
NPTSHl=NPTS-l 
on 1420 K=?.NPTSM1 
IF((SPS(K).EO.O) GO TC 1420 
I =L + 1 
XSPS(L1=XXS(K) 
YSPS(L>-YSN(K) 
1420 CCNTINUE 
XSPS(1)=XXS(1) 
YSPS(I)=YSN(1) 
IMAXS=1+1 
xSPS(lfAXS)=XXS(NPTS» 
YSPS(l.CAXSi = YSMNPTS) 
1= 1 
NPTPM1=NPTP-1 
00 1430 K»2.NPTPM1 
(t-( ISPPt K> .EU.O) GO TO 1430 
L=l + 1 
XSPP<L)=XXPIK) 
YSPPtL »=YPN(K» 
1430 CCNTINUE 
XSPP(I)=XXP(1) 
YSPP(1»=YPN(1> 
INAXP=L+1 
XSPP(LMAXP)=XXP(NPTP) 
YSPPCLHAXP J = YPN(NPTP> 
C INTERPOLATE FOR OROINATES AT REGULAR IhTERVALS ALONG THE CHORD 
f SLICTICN SUkFACE* 
TK IS = TAN(K IS(J)I 
TKCS=TAN(KOS(J)) 
rKIP-TAN(KIP(J)) 
TKCP=TAN(KOP(J)) 
CALL SPLFIT <XX.YS.OYCXS.EMS.EMSi.XSPS.VSPS.LMAXStTKIStTKOSf 
1 ClM VS .(.liKV I S.DYUX 1 S. NOEL ) 
NOklJ=kDEL(J) 
f 
C PKESSUKE SURFACE* 
C 
CALL SPLFIT (XX.YP.DYCXP.EMP.EMPl.XSPPtVSPP»LMAXPtTKIP,TKOP, 
1 CUtiVP.CURVlP.OYOXlP.NOEL) 
f 
C ChECK FOR POINTS ON SUCTION SURFACE WHICH kILL EXTEND TO 
C TFE LEFT OF THE Y-AXIS. 
r 
IF((PI/2.-KIP(J)).GT.GAMS) GO TO 1440 
WRITE!10.501b) 
STOP 
1440 IF(KROT.NE.l) GO TO 1450 
CALL LEDGE 
ThETAtJ)=ATAN1(RI(J)-RC(J))/(X2lJ)-R1(J»-RC(Jl>) 
CHOROIJ>=X2(J) 
WRITE!10.ICOO) 
WRITEI10.5040) 
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WRITE*10.5020) (K.XHS(K)tTS(K)tRTHS(K).CURVSCK),K=1,NPTSS) 
WRITE (10*5030) (K.XNP(K),TP(K).RTHP(K) .CURVP(K),K=1«NPTPP) 
C 
C PREPARE OUTPUT VARIABLES 
C 
1450 PHISfJ)=KIS(J)-KCS(J) 
PhlP(J) = KIP(J)-KCP(J) 
IF(KRCT.EO.l) GO TO 1580 
00 1500 K=1,NDELJ 
X%CC(K) = XX<J.K)/CHORO(J) 
YSOC(K) = YS(j,K)fCHORO(J) 
1500 YPOC(K) = YP(J.K)/CHQRD(J) 
C 
C PUT OUTPUT ANGLES IN DEGREES 
C 
1560 OELK = DELK*57.295779 
00 1590 J=1.N 
THETA<J)=THETA(J)*57.2S5779 
PHIC(J) = PHIC<J)*57.295729 
PHtS(J» = PHIS(J)*57.295779 
PHIP(J) = PHIP(J)*57.295779 
KIC(J> = KIC(a>»57.295779 
KIS(J) = KIS(J)»57.295779 
KIP(J) = KIP(J)*57.295779 
KCC(J) = K0C(J)*57.295779 
KCS(J) = tC0S(J)*57.295779 
1590 KOP(J) = K0P(J)»57.295779 
C 
C CHANGE SIGN OF SELECTED OUTPUTS 
C 
00 léOC J=l,% 
KOS(J)= -KOS(J) 
KCC(J)= -KOC(J) 
1600 KOP(J)= -KOP(J> 
c 
C PRINT OUTPUT 
C 
WRITE(6.lOCO) 
If(KROT.EO.l) WRITE!IC.5043) 
MR I TE(6.1140) N.TCHORC,PITCH.SOLID,DELK,KAPIN 
on 1620 j=l.N 
WRITE(6.115Q) J 
WKITE(6.1160) CH0RD(J).R1(J).RU(J>.THETA(J) 
WRITE(6.1180) Xl(JJ.YKJ).X2(J).Y2(J).GAMRiJ) 
WR1T£(6.1190) PHIS(J). KIS(Jl.KOStJ) 
wR{TE(6.1200) PHIC(J). K 1C(J),KOC(J) 
wRITE(6.1210) PHIP(J). K IP(J).KUP( JJ 
IF(KRCT.EO.l) GC TO 1700 
NOEL J = NDEL(J) 
1610 wRITE(6.1230) NOEL(J) 
16^3 WRITEIô.1240) (K.XX(J.K).YS<J.K)«YP(J,K).XXOC(K),YSOC(K). 
1 YPOC(K).CURVIS(K),CURVIP(K).K=1.N0ELJ) 
RETURN 
1700 WRITE*IC.5060) RIi.RI2 
wRITE(10.5070) 
WRITE* lO.SOdO) (K.XS(K).YS(J.K).CURVISC K),K=i,NOELJS) 
WRITE*10.5090) 
WRITE* I0.5CBO) (K.XP(K>.YP*J.K).CURVIP(K) ,K=1,N0ELJP) 
RETURN 
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c fOfiHAl STATEMENTS 
C 
IJOO FCOMATt1H1///I 
1140 FORMAT(10X.24H0VERALL BLADE PAKAHETEHS/14X*1HN»ÔXtbHTCHOROt7X, 
l'>HPITCh.6X.5HS0LIU«7X*4H0ELK.7X,3HKAPIN. 
4! /13X.12, SX.F8.5,4X.F8.5.4X,F7.4.3X,F8.3,3X,F9.4I 
1150 FCRMAT(///iaX.18HBLA0E SEGMENT NO. .C2) 
1160 FnRMAT(/lbXr!>HCHORD*9X.2HRl.llX,2HRO.iOX«5HTHETA/I0XT4(F12»8TIX)) 
1180 FCRMAT</14X.2HX1.8X.2HYl.âX.2HX2.8X.2HY2«7X.4HGAMK/ 
110X.5(F9.5,1X)) 
Il 90 FORMAT(/13X«4HPHIS.7X.2HRS.8X.2HHSf8X«2HBSf7X.3HKIS>7Xt3HK0S/ 
110X.F9.5.lX.aOX.2(F9.5,IX)) 
1200 FORMAT(/13X.4HPHIC.7X.2HKC«8X.2HHC.8Xt2»iBC.7X,3HK.IC.7Xt3HK0C/ 
110X,F9.5.lX.30X.2(F9.S.iX)) 
1210 FORMAT!/13X.4HPHlP.7X.2HRP.8X.2HHP.8X.2HBP,7X.3HKlPt7X.3HKQP/ 
lL0X.F9.b.1X.30X.2(F9.4«1X)) 
1230 F0RMAT(/9X,5X.7HNDEL - .12.//12Xt2HXXt8X.2HYS.8X.2HYPt7X.3HX0Ct6Xt 
1 4HVS0C.6X,4HYf>0C.3X.7H CORVIS.4X,7H CURVIP) 
1240 FORMAT ( IX. 13.IX.8F10*£) 
404b FORMAT!1HI.//1UX.lOH UNROTATEO) 
4047 FORMAT!10X.24H DIMENSIONAL COCROlNATE S•//9X.IHK.8XT4H XXS. 
I 7X.5H YSN«//(I1C.2F12.7)> 
4050 FORMAT!1H1,//6X*30H DIMENSIONAL INPUT CCOROINATES. 
1 4X.26H INPUT COORDINATES ROTATED/ 
2 40X.41H INTO INVISCIC FLOW PROGRAM COORD. SYSTEM. 
3 //9X.1HK.10X.4H XXS. 
4 9X.5H YSN.9X.5H XMS.iLX.3H TS.9X.5H RTHS.//(I10.5FL4.9)) 
4060 FORMAT!//9X.iHK.8X.4H XXP.8X.4H YPN.//! I10.2F12.7)) 
4065 FCRMAT(//9X.IHK.10X«4H XXP.10X.4H YPN.9X,5H XMP.IIX.3H TP. 
1 9X.5H RTHP.//1I10.5F14«9)) 
5015 FCRMAT(1H1.////.10X.27H PRESSURE SURFACE kILL BE A. 
1 20H DOUBLE VALOEC CURVE) 
5020 FORMATIiOX.4SH INPUT COORDINATES ROTATED INTO INVISCID FLOW 
1 26H PROGRAM COORDINATE SYSTEM.///20X,16H SUCTICN SURFACE. 
; //.25X.4H XMS.11X.3H TS.9X.5H RTHS.6X.6H CURVS.//. 
3 !I15.3F14.9,F12.5> ) 
5030 FORMAT!///20X.17H PRESSURE SURFACE.//.25X,4H XMP.llX.SH TP. 
1 9X.5M RTHP.6X.6H CURVP.//!I15.3F14.9.F12.5)) 
5040 FCfiMAT!5X.37H THIS OUTPUT WAS OBTAINED LSING A NEW. 
1 5ÛH ARTIFICIALLY DEFINED LEADING EDGE CIRCLE IN PLACE. 
2 37H OF THE ORIGINAL LEADING EDGE CIRCLE.//) 
5050 FORMAT!/5X.6HX1ST= .F10.8.3X.7HRI(J)= .Fi0.8,3X/) 
5060 FORMAT !//10X.5H R11=.F14.9.5X,5H RI2=,Fi4.9) 
50Ï0 F0RMAT!//18X,2H K.fX.SH XS.9X.3H YS.5X.7H CURVIS/) 
5080 FGRMAT!15X.I5.2F12.7.F12.S) 
5090 FORMAT!IHI.//18X.2H K.9X.3H XP.9X.3H YP.5X,7H CURVIP/) 
9500 FORMAT (//10X.2H K.5X.7H EMSIK),7X.5H XSPS.7X,5H YSPS.// 
I ! I12.3F12.8)) 
FNC 
SUBROUTINE FITLIN !XA.YA.XB.YB) 
This SUBROUTINE FITS A STRAIGHT LINE THROUGH TWO (XB.YB) 
POINT PAIRS AND INTERPOLATES OR EXTAPOLATES TO FIND THE 
XA VALUE CORRESPONDING TC A GIVEN YA VALUE. 
UIMEKSION XBIi).YB(i) 
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SL0PE-(XBi2»-XB<l»)/CYB(2»-YB{l)» 
XINTCP»XB(1)-SL0PE»VBI1I 
XA»SLOPE«YA+XINTCP 
RETURN 
END 
SUBROUTINE IFINPT 
COMMON/INPUT/N,TCHORD,SOLID,DELK,KAPIN,RADIUS, 
1 RiaC(5l,ROOC(5),TITLE(I2) 
COMMON/OUTPUT/CHORDC 5),GAHR(5),PHIC(5),P1TCH 
C0MM0N/C0M1/RI(1),R0(1),THETA(1),X1(1),Y1(1),X2(1),Y2(1), 
1 KIC(l),KOCfl},KIS(I),KOSM}.PHlS(l),KIP(l),KOP(l),PHIP(l), 
2 NOEL(l),XX(l4300),YS(l,300),YP<l,300) 
COMMON/COM2/6ANS,MCHORD(I),RSTGR(1),STGR(1),MLE(1),RTHLE(1) i 
ITHLE(l).MTE<1),RTHTE(1),THTE(1),MCL(1),RTHCL<1),THCL(L),MCTI 
IRTHCT(1),THCT(1J,BETIS(l),BET0S<lI,8ETIP(l),BET0P(ll,MSPS(l, 
IRTHSPS(1,300),THSPS(1,3001,MSPP <!•300),RTHSPP(1,300),THSPP( 1 
COMMON/COORD/ CURVIP(100),CURVIS(100},CURVP(50),CURVS(50), 
1 DYOXP(20),DYDXS(20),EMP(20),EMPl(20),EMS(20),EMSl(20),RTHPI 
2 RTHS(50).TP(50),TS(50),XMP(50),XMS(50),XP(100),XS(100),XSPI 
3 XSPS(100),XXP(50),XXS(50),YPI(50),YPN(50),YSI(50),YSN(50), 
4 YSPP(100),YSPS(100) 
COMMON/INTEGR/ KROT,LMAXP,LMAXS,NDELJ.NOELJP,NOELJS,NPTP, 
1 NPTPP,NPTS,NPTSS 
REAL KIC.KOC,KIS,KOS,KIP,KOP,KAPIN 
COMMON/INOUT/ 11,10 
REAL MLE,MTE,MCL,MCT,MCHORD,MSPS.MSPP 
C 
C 
C COMPUTATION OF GEOMETRICAL INPUT FOR INVISCID FLOW PROGRAM 
C 
C CHANGE SIGN OF SELECTED PARAMETERS 
C 
00 10 J=1,N 
K0S(J)= -KOS(J) 
KOC(J)- -KOC(J) 
KOP(J)= -KOP(J) 
Y1(J)= -YKJ) 
10 Y2(J)= -Y2(J) 
C 
C LOCATICN OF CENTERS OF LEADING EDGE CIRCLES 
C 
GAMS = (KAPIN-KIC(l))/57.295779 
00 20 J=1,N 
GAMR(J) = GAMR(J)/57.295779 
GAMJ = GAMS-GAMR(J) 
TEMl = (X1(J)-RI(1))$C0S(GAMS)-Y1(J)$SIN(GAMS)+RI(1I 
TEM2 = (X1(J)-RI(1*)$SIN(GAMS)+Y1(J)*C0S(GAMS) 
MCL(J) = TEM1+RI(J)*C0S(GAMJ) 
RTHCL(J) = TEM2+RI(J)*SIN(GAMJ) 
20 THCL(J) = RTHCL(J)/RAD1US 
C 
C LOCATION OF CENTERS OF TRAILING EDGE CIRCLES 
C 
DO 30 J=l,N 
GAMJ z GAMS-GAMR(J) 
TEM2 = (X2(J)-RI(1);*SIN(GAMS)+Y2(J)*C0S(GAMS) 
MCT(J)=(X2(J)-RI(J>)$C0S(GAMS)+RI(J)-R0(J)*C0S(GAMS) 
RTHCT(J) = TEM2-R0(J)*SIN(GAMJ) 
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30 rhCT(J) = RTHCT<J)/RACIUS 
C 
C LOCATION CF LEADING EDGES 
C 
no 40 J=1.N 
MIEIJ) = MCL(J)-RI(J} 
MThLE(J) = RTHCL(J) 
40 THIE(J) = THCLO) 
C 
C LCCATICN CF TRAILING EDGES 
f 
on 50 J=1.N 
MTE(J) = MCT(J)*RC(J) 
«ThTE(J) = RTHCTiJI 
50 THTE(J) = THCHJ) 
C 
C LOCATION OF LOCAL BLADE CHORDS AND STAGGERS 
r 
no 60 J=1.N 
HCHORUtJI = MTE(J)-MLE(JI 
RSTGR(J) = RTHTEIJi-RTHLE(Ji 
60 STGR(J) = THTECJ)-THLE(Jl 
f 
r LOCATION OF SPLINE CURVE ANGLES 
C 
00 70 J=1,N 
GAfJ = GAHS-GAHR(J) 
METIS!J) = KIS(J)*GAMJ*57.295779 
rtETOS(J> = K0S(J)+GAMJ*S7.295779 
HETIP(J) 3 KIP(J)*GAMJ*57.295779 
70 RETOP(J) = K0P(J)*GAMJ*57.295779 
C 
C LOCATION OF SPLINE POINTS CN BLADES 
C 
1)0 80 J=1.N 
bAMJ = GAMS-GAMR(J) 
TEMl = (Xi(J)-RI(i*)*COS(GAMS)-Yl(J)*SIh<GAMS)+RI(il 
TEM2 ^ (X1(J)-RI(1))»SIN(GAMS)+Y1(J)*CGS(GAMS) 
IF<KRCT.E0.1) GC TO ICO 
NOEL J = NDELIJ* 
no 80 I.NOELJ 
MSPS(J.K) = TEM1+XX(J.K)*C0S(GAMJ)-YS(J,K)*SIN(GAMJ)-MLE(J) 
MSPPIJ.K) = TEM1+XX(J.K)*CUS(GAMJ)-YPIJ,K)*SIN(GAMJ)-MLE(J» 
RTHSPS(J.K> = TEM2+XXIJ,K)$SIN(GAMJ)+YS(J,K)*C0S(GAMJ)-RTHLEIJ) 
RThSPP(J.K) = TEM2+XX(J,K)»SIN(GAMJ)+YP(J.K)*C0S(GAMJ)-RTHLE!J) 
THSPS(J.K) = RTHSPStJ.KI/RAUILS 
80 THSPP(J.K) = RTHSPPIJ .K)/RADIOS 
C 
r PRINT OUTPUT 
C 
WRITE(6. 1000 > 
85 URITE(6.1010) 
MRITE(£.1020) (J.HCHORDIJ).STGR(J).RSTGR(JI,RI(J),RO(J), 
1MLE<J).THLE(J).RTHLE(J>tHTE<J J.THTE(J>.RTHTE(J).J=IfN) 
wRITE(6.1030 ) 
WRITE 16.1040) (J.BETIStJ)«BETOSIJI.BETIPIJ)*BETOP(J)« 
1MCL(J).THCLIJ).RTHCLIJ).HCTIJJ.THCT(J).RTHCT(J) 
IF(KROT.EO.l) (^0 TO 4C0 
00 9U J=l,N 
mRITE(6.1050) J 
WRITE(6.1060* 
NOEL J NOEL I J) 
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90 WRITE(6.i070) (K«HSPS(JTK).THSPStJ•K).RTHSPS(JTKtI 
IMSPP< J.K),THSPP(J.K) *RTHSPP(J.K) tK=:l.NOELJ) 
RETURN 
C 
C LOCATION CP SPLINE POINTS ON REDEFINED BLADE SURFACES 
C 
100 00 200 K=1,N0ELJS 
MSPS< J»KJ=TEM1+XSIK)*C0SJGAMJ»-YS< JtK)*SIN(GA>iJ»-MLE( J) 
RTHSPS(J.K*=TEM2+XS(K)*SIN(GAKJ*+YS(J.K**COS(GAMj)-RTHLE(J) 
200 THSPSIJ.K)-RTHSPS<J./RADIUS 
00 300 K=1.N0ELJP 
MSPP(J.K)=TEMl+XP(K)*COS(GAMJ)-YP<J,K)*SIh(GA#J)-MLE(J) 
RTHSPP(J.K)=TEM2+XP(K)*SIN(GAMJ)+YP(J,K)*COS(GAMJ)-RTHLE(J) 
300 THSPPIJ.Ki=RTHSPP(JtKI/RADIUS 
WRITE!10.1080) 
GO TO 65 
400 WRITE!10.1090) 
WRITE*10.1100) (K.HSPSIJ.K).THSPStJ.K).RTHSPS ( J *K) « 
1 K=1.N0ELJS) 
WRITE!10.1110) 
WRITE!10.1100) (K.MSPPlJ.K).THSPP(J.K).RTHSPP(JTK). 
1 K=1.NDELJP* 
RETURN 
C 
C FORMAT STATEMENTS 
C 
1000 FCRHAT11H1/////10X.41HCQMPUTED INPUT FOR INVISCID FLOW PROGRAMS 
1  / / / / )  
1010 FORMAT(6X.5HeLAOE.8X.6HMChORD*7X.4HSTGR.9X.5HRSTGR.6Xt2HRI.8Xt 
12HR0.8X.3HMLE.ôX«4HTHLE.6X.5HRTHLE.6X.3HMTEt6X.4HTHTE«6Xt5HRTHTE) 
1020 FCRMAT<7X,I2.3X.3F13.9,8F10.7> 
1030 F0RMAT(////6X.5hBLA0E.5X.5HBETIS.5X.5HBETCS.5X,5HBETIP,5X.5HBET0P 
1.16X,3hMCL.6X.4HTHCL,6X.5hRTHCL,6Xf3HMCT.6X»4HTHCT.6X»5HRTHCT) 
1040 FCRMAT17X.I2.3X.4F10.5.10X.6F10.5) 
1050 FCRMAT(///10X.16H6LA0E SEGMENT NO. .12) 
1060 FORMAT(/18X.4HHSPS.10X.5HTHSPS.8X.6HRTHSPS.19Xt4HMSPP.10X. 
15hTHSPP.aX.6HRTHSPP) 
107C FORMAT!1SX.I5.3F14.9.10X.3F14.9)) 
1080 FORMAT!IHl./////.10X.33H COMPUTED INPUT FOR INVISCID FLOW, 
1 9H PROGRAMS./.5X.31H THIS OUTPUT kAS OBTAINED USING, 
2 50h A NEW ARTIFICIALLY DEFINED LEADING EDGE CIRCLE IN, 
3 43H PLACE OF TKE ORIGINAL LEADING EDGE CIRCLE.///) 
1090 FORMAT!///10X.16H SUCTION SURFACE.//.18X,4HMSPS,lOX.SHTHSPS, 
1 8X.6HRTHSPS) 
1100 FCfiMAT!5X. I5.3F14.9) 
1110 FORMAT!IH1,////.10X.17H PRESSURE SURFACE,//.18X,4HMSPP, 
1 l0X,5HTHSPP.ax.6HRTHSPP) 
END 
SUBROUTINE INPUTl 
CCMMON/INPLT/N.TCHORO.SOL10.UELK.KAPIN.RADIUS, 
1 RI0C!5).R00C!5).TITLE!1^) 
CCMMON/INAOO/ VCI.YCO 
CCMMCN/COHl/RIl1).R0!1).THETA!1).XI!1).Y1!I),X2!1),Y2I1), 
1 KICIl).KOCil).KlS!l).KOS!l).PHIS!l).KIP!l).KOPIl).PHlP!l). 
2 NOEL!1).XX!1.300).YS!1.300).YP11.300) 
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CCHMOh/CnOKO/ CbRVlPt100).CURVtS(100)»CbRVP(SO),CURVS(50), 
1 UVOXPi^U) .UYUXS(20) .EMP<20) ,EMP1(20) .EfSC20) •EMSIUO) tRTHP(SO) i 
2 KTHS«50),TP(»U),TS(50),XMPOO) .XMS(50) .XPtlOO) tXS( 100) tXSPPC 100). 
3 XSPSl lUU) .XXP(b0).XXS(b0).YPi(l>0) .YPN(S0)tYSI(5O)tYSN(50)t 
4 VSPPtlUU).YSPS<100) 
CCHMON/INOUT/ (1.10 
COMHCN/INTEGR/ KKOT.LMAXP .LHAXS.NOËLJ.NOELJP.NOELJS.NPTP. 
1 NPTPP.NPTS.NPTSS 
CCKMCN/OPT/ ISPP(50).ISPS(5û).KCOROS 
C 
C READ ANC PRINT INPUT 
C 
11 = 5 
IC = 6 
10 WRITE(6.1000) 
READ (5.1250) (TITLE(I).1=1,12) 
WRITE(6.1260) (TITLE(I).I=i.i2) 
READ (5.1020) N.TCHORO*SOLID.ÛELK.KAPIN.RADIUS 
WRITE(6.1030) N.TCHORD,SOLID,DEL*.KAPIN.RADIUS 
READ (5.1010) (RIOClJ),J«1.N) 
MRITE(6.1100) (RICC(J).J=1,N) 
READ (5.1010) (KOOC(J),J=i.N) 
WRITE(6.1110) (R00C(J).J=1.N) 
C 
C READ AND PRINT BLADE COORDINATES 
C 
J = 1 
READ (1I.400U) KCORUS.NPTS.NPTP.KIC(J).YCI.YCQ 
WRITE 110.4010) KCORDS.NPTS.NPTP.KICIJ).YCI.YCO 
NPTS=NPTS+I 
NPTP* NPTP+1 
READ(I 1.4020) (XXS(K) .YSN(K).K=2.NPTS) 
READ (11.4020) (XXP(K). YPN(K). K=2.NPTP) 
READ (11.4080) (ISPS(K). K=2.APTS) 
READ (11.4080) (ISPP(K). K=2,NPTP) 
WRITE(10.4090) 
WRITE*I0.50UÛ) (ISPS(K).K=2.NPTS) 
wRITE(10.5010) 
WRITE(10.5000) (ISPP(K).K=2.NPTP) 
WR(TE<(0.4015) 
wR(TE( 10.40301 (K.XXS(K) .YSN(K.). K=2,NPTS) 
WRITE (IQ.404U) (K.XXF(K). YPN(K), K*2.NPTP) 
NPIS= NPfS+l 
NPTP= NPTP+1 
XXS(1)=0. 
XXS(NPIS)=0-
YSK(1)= 0. 
YSN(NPTS)=0. 
XXP(1 )=0. 
XXP(NPTP)=0. 
yPN(l)= 0. 
yPN(NPTP)= 0. 
RETURN 
C 
C FORMAT STATEMENTS 
C 
1000 F0RMAT(1H1///) 
1010 FCRMAT(8F10.5) 
1020 FCRMAT(I10.5F10.5) 
1030 FORMAT(//oX.IHN.éX,bHTCHURD.t>X.5HS0LID.6X.4H0ELK.6X.5HKAPIN.5X. 
l&hRA0ILS/5X.I2.5X.F8.5.3X,Fri.4.3X,F7.3.4X,F7.3t3X.F8.5) 
1100 FORMAT(/6X.10HKI/C ARBAY/(9X.5(F9.5,iX))) 
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1110 F0RMATI/6X,10HR0/C ARRAY/(9X*S(F9.5iIX))) 
1250 fCRMAT(12A6> 
1460 FCRMATIlXf12A6) 
4000 FCRHATOtlO. 3F10«3) 
4010 FORMAT!1H1.///3X.7H KCCRDS.5X.5H NPTS.SX.SH NPTP.3X«7H KIC(J), 
1 6X.4H YCI.6X*4H YCO. 
2 //3I 1C.F10.3.4F10.7> 
4015 FORMAT (//lOX.lSH INPUT COORDINATES/) 
4UJ0 FCRMAT(8F10.7> 
4U30 FGRMAT<//8X,2H K,5X,7H XXS<K).5X.7H YSNtK)»//(I10>2F12>7)) 
4040 F0RMAT<//8X.2H K,5X,7H XXP(K).5X«7H YPN(K),//(t10t2F12*7)) 
4080 FORMAT(50I1) 
4090 FCRMAT(//10X.25h ISPS(K), K=2,3,...,NPTS/) 
5000 FORMAT!lOX.5012) 
bOiO FCRMAT(//10X.25H ISPP(K)« K=2.3,...,NPTP/) 
END 
SLBROUTtNE LEDGE 
THIS SUBROUTINE LOCATES ThE LEFTMOST POINT OF THE BLADE IN 
Ti-E STAGGERED POSITION. A PAIR OF NEW LEADING EDGE CIRCULAR 
ARCS ARE DEFINED WITH CENTERS ON A LINE NORMAL TO THE SURFACE 
AT THE LOCATED POINT. THE BLADE SUCTICN AND PRESSURE 
SURFACES ARE REDEFINED ACCORDINGLY. THE SURFACE COORDINATES 
ARE MAPPEC INTO A COORDINATE SYSTEM WITH THE X-AXIS THROUGH THE 
CENTERS OF THE NEW LEADING EDGE CIRCLE AND THE TRAILING EDGE CIRCLE, 
ANC THE Y-AXIS TANGENT TO THE NEW LEADING EDGE CIRCLE. 
ACRIT SURFACE ANGLE E(OUAL TO PI/2 MINUS GAMS, RAO. 
AEPS ANGULAR DISTANCE BETWEEN THE ORIGIN AND THE 
FIRST SPLINE POINTS (TRANSITION PCINTS) ON THE 
REDEFINED SUCTICN AND PRESSURE SURFACES. 
ALP ANGULAR LOCATION CF PCI NT CN THE ORIGINAL 
LEADING EUGE CIRCLE. RAO. 
ALFN ANGLE BETWEEN A, THE LINE CONNECTING THE CENTERS OF THE 
ORIGINAL LEADING AND TRAILING EDGE CIRCLES AND B, THE 
LIKE CONNECTING THE CENTERS OF THE NEW LEADING EDGE 
CIRCLE AND THE ORIGINAL TRAILING EDGE CIRCLE, RAD. 
AMINUS ANGLE WHERE SUCTICN SURFACE IS TANGENT TO THE 
NEW LEADING EDGE CIRCLE. RAC. 
APIUS ANGLE WHERE PRESSURE SURFACE IS TANGENT Tu THE 
NEW LEADING EDGE CIRCLE. RAU. 
rCRIT CURVATURE AT XCRIT. 
CflNUS CURVATURE AT XMINLS. 
CPIUS CURVATURE AT XPLUS 
CANG ONE-EIGHTH OF THE ANGULAR DISTANCE AROUND THE 
ORIGINAL LEADING EDGE. 
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Kl INDEX OF FIRST XX VALUE TO THE LEFT CF XPLUS. 
KLPl KL PLUS 1. 
KLP/ KL > 7 POINTS CN ORIGINAL LEADING EDGE CIRCLE. 
KK INDEX OF THE FIRST MEMBER OF THE XX(K) ARRAY 
TO THE RIGHT OF XMINUS. 
NOELJP NUMBER CF COORDINATES CN REDEFINED PRESSURE 
SURFACE. 
NOELJS NUMBER OF COORDINATES UN THE REDEFINED SUCTION 
SURFACE. 
RIl RADIUS OF NEW LEADING EDGE CIRCLE CN THE SUCTION 
SURFACE. 
R12 RADIUS OF NEW LEADING EUGE CIRCLE CN THE PRESSURE 
SURFACE. 
RLE RADILS OF CIRCLE TANGENT TO SUCTICN SURFACE AT 
<XCR IT.YCRIT). 
XCRIT X-COORDINATE WHERE THE SUCTION SURFACE ANGLE IS 
EQUAL TO ACRIT. 
XCTRN X-COORDINATE OF CENTER OF CIRCLE TANGENT TO THE 
SUCTION SURFACE AT (XCRIT,YCRIT). 
XCTRl X-COORDINATE CF CENTER OF NEW SUCTION SURFACE 
LEADING EDGE CIRCLE. 
XCTR2 X-COORDINATE OF CENTER OF NEW PRESSURE SURFACE 
LEADING EDGE CIRCLE. 
XMINLS X-COORDINATE CF POINT WHERE THE SUCTION SURFACE 
MEETS THE NEW LEADING EDGE CIRCLE. 
XP X-COORUINATE OF PRESSURE SURFACE ARRAY. 
XPL ABSCISSA OF PCINT ON CRIGINAL LEACING EDGE. 
XPLUS X-COORDINATE CF POINT WHERE THE PRESSURE SURFACE 
MEETS THE NEW LEADING EDGE CIRCLE. 
XS X-COORÛINATE OF SUCTION SURFACE ARRAY. 
YCRIT Y-COORDINATE CF SUCTICN SURFACE AT XCRIT. 
VCTRN Y-COORDINATE OF CENTER OF CIRCLE TANGENT TO THE 
SUCTION SURFACE AT (XCRIT.YCRIT). 
YCTRl Y-COOkDINATE CF CENTER OF NEW SUCTION SURFACE 
LEADING EDGE CIRCLE. 
YCTK2 Y-COORDINATE OF CENTER OF NEW PRESSURE SURFACE 
LEADING EUGE CIRCLE. 
YMINUS ORDINATE AT XMINUS. 
YPL ORDINATE OF POINT ON ORIGINAL LEACING EDGE. 
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C YPLUS ORDINATE AT XPLUS. 
C 
C 
C0MM0N/C0M1/RL( 11»R0<I),THETA* 
1 KIC(i;,KOC(l),KIS(l),KOS(ll,PHIS(l),KIP(ll,KOP(l),PHIP(l), 
2 NDELf 1 )«XXdtaOO).YSd.300)«YP* 1,300) 
COMNON/INPUT/N.TCHORD,SOLID.DELKtKAPINtRADlUS« 
1 RI0C(5)»R00C(5),TITLE(12> 
COMMQN/OUTPUT/CHORD!5)«GANR(5)«PHIC(5),PITCH 
COMMON/INOUT/ 11,10 
COMMON/INTEGR/ KROT,LMAXP,LMAXS«NOELJ«NOËLJP,NOELJS,NPTP, 
l NPTPP,NPTS,NPTSS 
COMMON/COORD/ CURVIPUOO) «CURVISI 100),CURVP( 50).CURVSI50) , 
1 DyOXP(20),DYOXS<20)«EMP(20)»EMPl(20).EMS(20).EMSlf20),RTHP(50), 
2 RTHS(50),TP(50),TS(50),XMPI50),XMS(50),XP(100).XS(100),XSPP(100), 
3 XSPS(100),XXP(50I,XXS(50),YPI(50),YPN(50),YSI(50),YSN(50), 
4 YSPPfl00)>YSPSII00) 
COMMON/BLOK A/ GAMS.PI,RI1,RI2 
DIMENSION CCRIT(1),CMINUS(1),CPLUS(1).CURANS(1)«DTDMN(1), 
1 SCRTCH (50),XNEW(1),YNEW(1) 
REAL KIC,KIP,KIS,KOP,KOS,KOC 
C 
C 
J«l 
C 
c CHECK FOR LIMITING CASE WHERE BETI FOR THE SUCTION SURFACE 
C WILL BE WITHIN 2 DEGREES OF VERTICAL IN THE STAGGERED 
C POSITION 
C 
IF(GAMS-PI/2.+KIS(J)-2./57.295779) 500»600»700 
500 WR1TE(IO»9000) 
STOP 
C 
C CASE WHERE KIS + GAMS EQUALS 92 DEGREES 
C 
600 ACRIT«PI/2.-6AMS 
AEPS«1.757.295779 
APLUS=ACRIT+AEPS 
AMINUS'ACRIT-AEPS 
GO TO 800 
C 
C CASE WHERE KIS + GAMS IS GREATER THAN 92 DEGREES 
C 
700 ACRIT* PI/2.-GAMS 
AEPS=2./57.295779 
APT#S=ACRIT*AEPS 
AMINUS*ACRIT-AEPS 
C 
C CALCULATE LOCATIONS ON THE SUCTION SURFACE WHERE THE SURFACE 
C ANGLE EQUALS ACRIT» APLUS» AND AMINUS 
C 
800 WRITE(IOf9500) 
9500 FORNAT(IH1///»10X,42H CALCULATION OF NEW ORIGIN AND NEW LEADING 
I 21H EDGE TANGENCY POINTS/) 
WRITE(I0»9600) 
9600 FORMAT(//I0X»16H ORIGIN LOCATION) 
CALL ANGSER (XCRIT.YCRIT,ACRIT,CCRIT) 
WRITE(I0»9700) 
9700 F0RMAT(///10X,17H PRESSURE SURFACE) 
CALL ANGSER (XPLUS,YPLUS,APLUS,CPLUS) 
WRITE(I0,9800) 
9800 FORMAT(1H1//////10X,16H SUCTION SURFACE) 
CALL ANGSER IXMINUS,YMINUS,AMINUS,CMINUS) 
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C CALCULATE RADII AND CENTERS FOR NEW LEADING EDGE CIRCLES 
C 
RLE=-1./CCRIT(1) 
XCTRN= XCRIT+RLE*SIN(ACRIT) 
VCTRN= YCRIT-RLE*COS(ACRIT) 
RI1=SURT((XMINUS-XCkIT)**2+(YMINUS-YCRIT)**2)/(2.»SIN(AEPS/2.) 
RI2=S0RT((XPlUS-XCRIT)**2+(YPLUS-YCBIT)**2)/(2.*SIN(AEPS/2.)) 
XCTRi=XCR(T+RIi*SlN(ACRIT) 
XCTR?=XCRIT*RI2*SINtACRIT) 
YCTR1=YCRIT-RIi*COS(ACRIT i 
YCTR2= YCRIT-R12*CCS < ACRIT J 
C 
C PRINT COORDINATES OF ORIGIN CF INVISCIC FLOW PROGRAM COORDINATE 
C SYSTEM 
C 
WRITEf10.9300) XCTRN*YCTKN,CCR1T.CPLUStCMINUS 
WRITE (10,9400* XCRIT.YCRIT.XPLUS.YPLUS,XMINUS,YMINUS 
C 
C AECEFINE THE SUCTION SURFACE AS BEGINNING AT (XMINUS,YMINUS), 
C AND REDEFINE THE PRESSURE SURFACE AS BEGINNING AT (XPLUStYPLUS) 
C 
C SEARCH FOR FIRST XX(J,K) TO THE LEFT OF XPLUS 
C 
DO 900 K=1.N0ELJ 
IF(XXIJ.K) .GE. XPLUS) GO TO 1000 
900 CCNTINUE 
WRITF( 10,9100) XPLUS 
STOP 
1000 KL= K-1 
KIP7 = KL+7 
NCELJP= NDELJ+KLP3 
C 
C CALCULATE THE ANGLE OF ROTATION NEEDED TO ORIENT THE CENTERS OF 
C The TRAILING EDGE CIRCLE AND THE NEW LEADING EDGE CIRCLE ON 
C ThF X-AXIS 
C 
ALFN=ATAN{YCTRN/(CHORD(J)-RC(J)-XCTRN)) 
C 
C MAP INTERPOLATED COORDINATES INTC SYSTEM WITH X-AXIS THROUGH THE 
C CENTERS OF THE NEW LEADING EDGE CIRCLE AND ORIGINAL TRAILING EDGE 
C CIRCLE. THE Y-AXIS IS TANGEhT TO THE NEW LEADING EDGE CIRCLE. 
C 
DO 1100 KK=1,NDELJ 
K= NDELJ-KK+1 
L= NDELJP-KK+l 
XP(L)=<XX(J,K)-XCTRN)«COS(ALFNJ-(YP(J,K)-YCTRN)*SIN(ALFN) 
1 + RLE 
YP(J,L)=(XX(J.K)-XCTRN)*SIN(ALFN)+(YP(J,K)-YCTPN)*LOS(ALFN) 
11Û0 CURVIP(L)= CURVIP(K) 
no 120C L=1,KL 
K= KL-L+1 
XP(L)= (XX(J.K)-XCTRN)*COS(ALFN)-(YS(J,K)-YCTBN)»SIN(ALFN) 
1 +RLE 
YP( J,L>^(XX( J.K.)-XCTRN)»SIN(ALFN) + IYS( J,K)-YCTBN)*COStALFN) 
1200 CURVIP(L)= CURVIS(K) 
r 
C POINTS ON THE ORIGINAL LEADING EDGE ARC 
C 
KLP1= KL+1 
0ANG=(PI-KIS(J)+KIP(J))/8. 
ALE= KIS(J) 
143 
00 130C L=KLP1,KLP7 
AIE= ALE+DANG 
XPL=RHJ)»I1.-SINIAL£J) 
YPI=RI(J)*CCS(AIE) 
XP(LI=(XPL-XCTRk)*COS(ALFA)-(YPL-YCTRN) 
1 •SIN(ALFNJ+RLE 
YP(J.L) = (XPL-XCTRN»*SiN<ALFN> + (YPL-YCTRh) *CGS(ALFN) 
1300 CURVIP(L)=1./RI(J) 
C 
C SEARCH FOP FIRST XX(J.K) TO THE RIGHT OF XMNUS 
C 
DO 1400 K=1,N0EIJ 
IFIXXtJ.K) .GT. XNINUS) GO TO 1500 
i4C0 CONTINUE 
WRITE!10.9^60) 
STOP 
1500 KR= K 
NOELJS =NOELj-KR+l 
00 160C L=l,NOELJS 
K= KR+l-1 
XS(L)=(XX(J,K)-XCTRN)*COS(ALFh)-(YS(J.K)-YCTPN) 
1 *SIN(ALFN)+RLE 
YS<J,L>=IXX<J.KJ-XCTRN)»SIN(ALFN)+(YS(JtK)-YCTRN)*COS(ALFN) 
1600 CURVISID* CURVIS(K) 
C 
C SEARCH FOR FIRST XXSIK) TO THE LEFT OF THE XPLUS 
C 
00 1700 K=1,NPTS 
IF(XXS(K> .GE. XPLUS) GO TO 1800 
1700 CCNTINUE 
1600 KL= K-1 
NPTPP= NPTP+KL 
C 
C CALCULATE CURVATURES FOR INPUT COORDINATES 
C 
CALL SPLN (XXS.YSI.XSPS,YSPS.EMS,SCRTCHfCURVS, 
1 LMAXS.NPTSI 
CALL SfLN (XXP.YPI.XSPP.YSPP.EMP.SCRTCH.CORVP. 
1 LMAXP.NPTP* 
C 
C H&P INPUT COORDINATES INTO INVISCIO FLC* PROGRAM COORDINATE 
C SYSTEM 
C 
no 1900 KK=1.NPTP 
K= NPTP-KK+l 
L= NPTPP-KK+1 
XMPIL >= (XXP(K»-XCTRN>»COS(GANS>-IYPNtK>-YCTRNl 
1 *SIN(GAMS)+RLE 
kTHP(L»= <XXP(K.>-XCTRN)»SIN<GAMS) + < YPM K>-yCTRN>»COS( GAMS ) 
TP(L»= RTHPID/RADIUS 
1900 CURVP(L)= CURVP(K) 
DO 2000 L=1,KL 
K= KL-L+1 
XMP(L>=IXXS(K»-XCTRNi*COS(GAMS)-(YSN(K)-YCTRN)»SIN(GAMS1 
1 + RLE 
RThP<L )=IXXS<K>-XCTRN)»SIN(GAKS> + (YSNIK)-YCTRN)#C0S(GAHS> 
TP(Ll= RThPiLi/RAUlUS 
2ÛC0 CURVP(LJ= CURVS(K) 
C 
C SEARCH FOB FIRST XXS(KJ TO THE RIGHT OF XMINLS 
C 
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nn 2 100 K=1.NPTS 
IF(XXS(K) .GT. XMINUS) GO TO 2200 
^100 CCNTINUE 
?200 Kft= K 
NPtSS* NPTS-KR+1 
C 
C fAP INPUT COOROINATES INTO (NVISCtO fLCW PRUGKAM COORDINATE 
C SYSTEM 
C 
00 2300 L=1,NPTSS 
Kz KR+L-1 
XMSCL »= (XXS(K)-XCTRN)*COS(GAMS)-(ySN(K)-YCTRN)* 
I  SIN(GAMS#+RLE 
RTHS(LI= (XXS(K)-XCTRN)*S!N(GAMS)+(YSNIK)-YCrRN)*CUS(GAMS> 
TS(L)= RTHSILI/RAOIUS 
7300 CURVS(L)= CURVS<K) 
KfS(J)=> AMINUS+ALFN 
KIP(J)=-PI+APLLS+AIFN 
K[(J)= RLE 
KOC < J I 'KOC ( J )•»AlFN 
KOS<JI= KOS(J)+ALFN 
KOP(J)=KOP<J)+AlFN 
KIC(J>= K1C<J)>ALFN 
X2<J»=YCTRN/SIN(ALFN)+RLE+RO«J) 
KETURN 
9000 F0RMAT(// / /5X,36H MAXIMUM SUCTION SLRFACE BLADE ANGLE, 
1 30H IS BETWEEN 90 AND 92 DEGREES.1 
9100 FORMAT (  IHl. / / / /*  JlOX.7H XPLUS-*F10* 7, 16H IS NOT ON BLADE) 
9200 FORMAT I IHl*/ / / / . lOXf23H XMINUS IS NOT ON BLADE) 
93o0 F0RMAT(//10X*7H XCTRN».F10.7,3X.7H YCTRN= ,F10.7, 
1 8H CCRIT-.F11.6.8H CPLLS=,Fl i .6,9H CMlNUS=,Fl i .6) 
9400 FORMAT ( / /7H XCRIT=,F11.8,8H YCRIT=,F11.8,8H XPLUS=,Fl i .8, 
1 8H Yf lUS=,Fl i .8,9H XMINUS=,Fi l .8,9H YMINUS=,F11.8* 
FNO 
SUBROUTINE SPLFIT (XX.YS.OTDM.EM.EM 1,MSP.THSP.NSP.SLP11SLPO,CURV, 
1 CURVI.OYDX.NOEL) 
c 
C 
c 
c 
c 
TUS SUBPROGRAM INTERPOLATES THE MSP-THSP ARRAYS FOR YS VALUES 
AT (; IVEN XX VALUES. CURVATURES ARE ALSO CCMPUTEO. A SPLINE 
FIT IS USED. 
c 
c CURVI(K) CURVATURE AT COORDINATE POINT (XX.YS) OR IXX,YP). 
c CURV(KK) CURVATURE AT COORDINATE PCI NT (MSP,THSP). 
c CTOMIKK) FIRST DERIVATIVE AT COORDINATE POINT (MSP,THSP). 
c 
r  
r.  
CYOX FIRST DERIVATIVE AT COORDINATE POINT (XX,VS). 
C2YnX2 SECOND DERIVATIVE AT COORDINATE PCINT (XX,YS). 
c 
c 
EM(KK) SECOND DERIVATIVE AT COORDINATE PCINT (MSP.THSP) 
OBTAINED WITH A DOUBLE SPLINE FIT PROCEDURE. 
r .  
c 
c 
c. 
FMK K1 
»SF(KK) 
SECOND DERIVATIVE AT COORDINATE PCINT (MSP.THSP) 
OBTAINED WITH A SINGLE SPLINE FIT PROCEDURE. 
THE ARRAY OF ABSCISSA VALUES. 
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c SLPl 
C 
c 
c SLPO 
C 
C 
L TAkGl 
C 
C 
C TAhGO 
C 
C 
C ThSP(KK) 
C 
C XX(K) 
C. 
C YSlKt 
C 
COAMON/INPLT/N,TCMORD.SOLID,UELK,KAPIN.BACIUS, 
1 R[0C(5),R00C*>),TITLE(12) 
CCMMCN/INOUT/ I I , IC 
CCMMCN/OUTPUT/CHORU<5f.GAMR(5)« PHIC(d)*PITCH 
CCAMON/INTEGR/ KROT,LMAXP,LMAXS,NOELJ,NDELJP,NDELJS,NPTP, 
1 NPTPP.NPTStNPTSS 
DIMENSION XXCl*l>*YS(l , i> •  MSPlDt THSP (  1 ) tOTCMC 1 ) ,  EH( 1) ,  
1 CORVIl) .  CURVKD.NOELi 1).SCRTCH(20) tEMKD.DYDXil)  
REAL MMMSP, MSP, MSPMM 
r 
C CALCULATE FIRST AND SECOND DERIVATIVES AND CURVATURES AT 
C INPUT CORROINATE POINTS. 
C 
CALL SPLNjZIMSP «ThSP.SLPI,SLPC.NSP,DTOM,EMl> 
TANGI* EMKll  
TANGO*EMl(NSP> 
CALL SPLN22(MSP,DTOM,TANGI,TAAGO,NSf,EM,SCRTCH) 
DU 10 i(- l«NSP 
10 CURV(K)= EM(K)/(1.+DTCM(K)*DT0M(K))**1.5 
C 
C eiAOE SECTICN COORCINATES AT OELX INCREMENTS 
C 
no 45 J=1.N 
T£M « CHORD!J)/20./ lC000. 
NFXP = 0 
?0 NEXP = NEXP+1 
TEM = 10.*TEM 
IF (TEM-1..LT.0.) GO TC 20 
M = TEM 
IF (M.6E.2) GO TO 25 
M = 1 
GO TO 35 
/b IF (M .6E.5) GO TO 30 
M = 2 
GO TO 3f> 
30 M = 5 
M«2 
35 OELX s FLOATtH»»lO.*»(4-NEXP» 
J»l 
NOELIJ>> CH0R0(J)/DELX+1. 
XX(J«1)=0. 
NOELJ < NOELIJI 
IF (NOELJ.LE.100) GO TO 40 
WRITE!10.1280) NOELJ 
NOELJ*100 
SLCPE OF THE IHSP VERSUS MSP CURVE AT 
THE FIRST MSP POINT. 
SLOPE OF ThE THSP VERSUS MSP CURVE AT 
Thf LAST MSP POINT. 
TANGENT Of ThE OTOM VERSUS KSP CURVE AT 
THE FIRST MSP POINT. 
TANGENT OF THE OTOM VERSUS fSP CURVE AT 
THE LAST MSP POINT. 
ARRAY OF ORDINATE VALUES. 
THE INTERPOLATE. 
THE INTERPOLATED ANSWER. 
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40 DU 4» K^i .NOElJ 
4t» XXlJ,K + i)« XX(J.K)*DEIX 
C 
r  INTERPOLATE FOR YS VALUES CORRESPONDING TO XX VALUES. 
f .  
KK= ? 
I)(J 100 K' I .NUELJ 
iF((XX(J.K> .LT.  MSP(i ) f .OR.(XX(J,K*.GT.MSP(NSPI) j  GO TO 100 
C 
C SFARCh FOR COORDINATE POINTS BRACKETING XX(K) 
C 
51) [F(XX(J.KI .LE.  MSP(KKI)  GO TC 60 
tF(KK .GE. NSP) GO TO 200 
KK= KK+1 
GO TO 50 
C. 
C CALCULATE SPLINE INTERPOLATION ECUATICN COEFFICIENTS 
C 
60 S= MSP<KK)-HSPIKK- l l  
EMKM1= EM(KK- l )  
EKK= EH(KK) 
MSPMM= MSP(KK>-XX(JtK} 
MHMSP= XX(J,K)-MSP(KK- i )  
ThK= THSPIKK»/S 
ThKMl= THSP(KK-1 ) /S 
C 
C CALCULATE ORDINATE (YS).  FIRST DERIVATIVE. SECOND DERIVATIVE, 
C ANC CURVATURE 
C 
YS(J.K)=EMKMl*MSPMM**3/6. /S+EMK*MMMSP** j /6. /S+(THK-EMK#S/6.)  
I  *MMMSP+(THKMl-EMKMi*S/6.)*MSPMM 
DYDX(K »= -EMKM1*MSPMM**2/2. /S+EMK*MPMSP**2/2. /S 
1  +THK-THKMI-(EKK-EMKMl)*S/6.  
U^YOXZ:» EMKM&*MSFMM/S+EMK*MMMSP/S 
CURV n K > = 02/0X2/<1.+0YDX(K)»DYDX(K » > »»1.5 
KK= 2 
100 CCNTINUE 
RETURN 
C 
C ERROR RETURN 
C 
200 WRITE*10.500# XXIJ.K)  
SOU FCRMAT (1H1. / / / / /10X.34H XX COORDINATE IS NOT WITHIN BLADE, 
1  /10X.4H XX-.F10.5* 
RETURN 
1280 FORMAT(/ /10X.7H NDELJ=, I6,33H WHICH IS LARGER THAN DIMENSIONED 
1  .12H ARRAY SIZES / /> 
ENC 
SUBROUTINE SPLN IX.  Y.XB,YB.EMB.FDERV.CURV.LMAXS,KLIM) 
C 
C This SUBROUTINE FITS A CUBIC SPLINE CURVE TO THE (XB,YB) 
C COORDINATE ARRAYS AND INTERPOLATES TO FIND Y-VALUES WHICH 
C CORRESPCNO TO THE GIVEN X-VA4.UES. THE FIRST DERIVATIVE 
C AND ThB CURVATURE AT X ARE ALSO RETURNED TO THE CALLING 
C PRCGRAM. 
C 
C 
CCMMOA/INOLT/ 11,10 
DIMENSION CURV(1) .DTDMB(1).EMB(1)  .FDERV (  11 .X (  1)  ,XBt  J.)  t  
1 Ydl .YBd) 
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REAL MPMSP.MSPMM 
C 
C 
KK= 2 
no 100 K=1.KLIM 
lenxitit .LT. XB(U) .GR. (X(K) .GT. XB(LHAXS))> GO TO 100 
C 
C SEARCH FOR COORDINATE POlhTS BRACKETING X 
C 
50 IF(X(K) .LE. XB(KK)i GO TO 60 
1F(KK .GE. LMAXS) GO TO 200 
KK= KK+1 
GO TO 50 
C 
C CALCULATE SPLINE INTERPOLATICN ECUATICN COEFFIENTS 
C 
èO S= X8(KKI-X8IKK-1> 
EMKM1= EMB(KK-l)  
EMK= EMB(KK) 
MSPMH= XB(KK)-X(K> 
MM#SP=X(K)-XB(KK-1) 
THK= YB<KK)/S 
ThKMl= YB(KK-1)/S 
C 
C CALCULATE ORDINATE. FIRST DERIVATIVE, SECOND DERIVATIVE, 
C ANC CURVATURE 
C 
V(K»= EMKMl*MSPMM**3/6./S+EMK*MMMSP**3/6./S+(THK-EMK*S/6.) 
1 **MMSP+(THKMl-EMKMl*S/6.)*MSPMM 
fOERV(K»= -EMKMl*MSPMM**2/2./S+EMK*KMMSP**2/2./S 
1 + THK-THK,Ml-(EMK-EMKMl)*S/6. 
SDERV=EMKMl*KSPMM/S+EhK*MMMSP/S 
CURV(K)=SDERV/(1.+FDERV*FDERV)**1.5 
100 CCNTINUE 
RETURN 
C 
C ERROR RETURN 
C 
200 WRITE(I0.500) X(Ki 
500 FCRMAT(1HI,/ / / / ,10X,33H X COORDINATE IS NOT WITHIN BLADE, 
I  /,10X,3H X=,F10.5) 
STOP 
ENO 
SUBROUTINE SPLN22 (X.Y.Y1P,YNP,N.SLCPE,EM » 
C 
C SPLN22 CALCULATES FIRST AND SECOND DERIVATIVES AT SPLINE POINTS 
C ENC CCNOITION -  DERIVATIVES SPECIFIED AT ENO POINTS 
C 
CCMMCN SRM 
CCMMCN /BOX/ G(100)«SB(100) 
DIMENSION X(N),Y(N),EH(N),SLOPE(N) 
INTEGER SRk 
SBI l )  = .5  
F = (Y<2)-Y(l)) /(X(2)-X(l))-YiP 
G(l)  = F*3./(X(2)-X(i))  
NC=N-l 
IF(N0.LT.2) GO TO 20 
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00 10 [=2.NO 
A = (X(I}-X( I - l l ) /6« 
c = (x(:+i)-x( i)) /6. 
W = 2.*(A+C)-A*SB(I-1) 
SB(n = c/w 
F = (Yn+1>-Y< I)»/(XCI*1»-X( I))-(Y( I)-Y(I-1)»/CX(IJ-XCX-1)) 
10 G(I* = (F-A*G(I-1))/W 
20 F = YNP-(Y(N>-YIN-1>>/(X<N)-X(N-1)» 
W = (X(N)-X(N-l)) /6.*(2.-S8(N-i))  
EM(N) = (F-(X(N)-X<N-1))*G(N-1)/6.J/N 
00 30 1=2,N 
K = N+l-I  
30 EM(K) = G(K)-SB(K)*EM(K+ij  
SLOPE*1) = (X(l t-X(2)>/6.*(2.»EM(1)+EM(2)»+(Y(2)-Y(1>)/(X(2I-X(1») 
00 40 1=2,N 
40 SLOPE(I) = (X(I)-X(I- l )) /6.*(2.*EM(I)+Ef(I- l ))+(Y(I)-Y(I- l )) /  
1 (X(I l -X(I- l l )  
IF(SRW.E0.18) WRITE (6.1000) N,(X(I) ,Y(I) ,S10PE(I),EM(I), I=1,N) 
RETURN 
1000 FORMAT <2X,15HN0- OF PCINTS «,I3/10>,IHX,19X,IHY.i9Xf5HSL0PEt15X, 
12hEM/(4G20.8}> 
END 
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APPENDIX C. INPUT BLADE GEOMETRY CHECKING PROGRAM (INCHK) 
The INCHK program was developed to expedite the selection of a 
suitable set of blade coordinates for use as TSONIC and MAGNFY input 
data. INCHK has two major functions; it calculates curvatures of the 
blade surfaces at the input coordinate points, and it rotates the cal­
culated blade surface angles into a standard reference position for 
comparison with surface angles calculated for the same profile at other 
setting angles. The curvatures are useful in deciding where points 
should be added or removed. The blade surface angles in the reference 
position (fig. 16) are used when calculations are made for the same 
blade profile at different blade setting angles to maintain a reasonably 
consistent blade description. 
Several subroutines from TSONIC were used intact or in modified 
form in writing INCHK. Consequently the input to INCHK consists of all 
the input data for TSONIC described in reference 21 followed by one addi­
tional data card described in figure 52. 
Definitions of the input parameters shown in figure 52 are given 
below: 
KAPIN inlet blade angle in the staggered position, (fig. 3), deg 
KIC inlet blade angle in the reference position, deg 
RLED radius of leading edge circle (the fictitious leading edge cir­
cle if one has been defined), meters 
XCTRN XX-coordinate of the center of the fictitious leading edge cir­
cle (fig. 46), equals zero if fictitious edge circle is not 
defined, meters 
. 
10 11 ; o  z t  S t  11  I  1.0 u sojs i  r t j l i  
Inse rtTSONK : dgta c^i ds tiere 1 
KAF 'N KIC f tlfO XCTF N YCTRN 
. -y ,V << 
M# /J 
Figure 52. - INCHK input data. 
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YCTRN Y-coordinate of the -center of the fictitious leading edge circle 
(fig. 46) , equals zero if fictitious edge circle is not de­
fined, meters 
The output consists of the first few pages of TSONIC output (ref. 21) 
plus additional output containing blade surface curvatures and blade geom­
etry in the reference position chosen (where = KIC). The curvature 
output is valid for general stream surfaces of revolution, but the refer­
ence position geometry output is valid only for cylindrical stream sur­
faces. The output is clearly labeled, but key headings are defined below 
for completeness. 
CURV blade surface curvature 
M meridional coordinate, m (fig. 16), meters 
RTHETA tangential coordinate (fig. 16), meters 
SURF ANG blade surface angle in reference position, deg 
A complete listing of the source cards for INCHK follows. 
CCMMCN SRM.ITEK, IEN0*LEt<(2) tNER(2) 
CCPMCN /INP/GAM.AR.TIP.RMOIP,WTFL,CPEGA,OBF,bETAI.BETACfREOFACt 
1 OENTOL.Mbl.MBU.MM.NBBI,NBL.NRSP.MR(iO),RMSP(iO),#ESP(iO), 
7 RLCAT.AANCK.ERSOR.STRFN.SLCKO.INTVL.SURVL 
COMMON /CALCON/ACTwTtACTOMG.ACTLAM.fBIHltMBlPltMbUNl.MâOPltMHMlt 
1 HM1.HT.UTLR.UMLR*PITCH.CP.EXPUN.TWW .CPTIP.TGRQI>«TB1,TBO,LAMBDA, 
7 T*L.ITMIN,ITMAX.NIP,IMS(2).BV(,MV(100)« 1V(13i), ITV(133,2)t  
3 Tv( 100.2).OTOHV<100.2).BETAV(100.2),KH(100,2),OTOMH(100.2).  
4 BETAH( 100.2)«RHH(1.00.2).BEH(100.2),Rf<(100) ,BE( 100) ,OBOM( 100) ,  
5 SAL(100).AAA(ICO) 
CCMMCN /GECHIN/ CHORD(2 > ,  STGR(2) .HLE(2) ,THi.E( 2) , f tHI (2) ,RHO(2) • 
1 RI(2).K0(2).BETI(2).BETG(2).NSPI(2),HSP(SO.2).THSP(100,2) 
CCMMCN /02TUM2/ 02T0M2<100.2) 
DIMENSION CURV(lU0.2).FMV(d0.2> 
INTEGER BLOAT.AANOK,ERSCR.STRFN.SLCRO.SURVL,AATEMPtSl iRF,FIRST, 
1 UPPER.Sl.ST.SKta 
REAL K.KAK.LAMBDA.LMAX.MM.MLE.MR,MSL.MSP.MV.MVIMI 
EXTERNAL BL1.BL2 
C 
f 
I  I  = S 
10=6 
CALL INPUT 
152 
C CALCULATE TV. ITV. IV. UTOMV. AND BETAV ARRAYS 
C 
C TV. ITV. AND OTOMV ON BLADE 
00 L;eO IM=MBI,MBO 
LER(2)-1 
C 8LCC CALL NO. 1 
CALL BLKNVI IH J . TV( IM. 1 ) .OTUMV (IM .1 > . INF) 
LER(2*=2 
C BLCC CALL NO. 2 
CALL bL2(MV(IN).TV(IM.2).UTOMVtIM.2)*INF) 
12 0 CONTINUE 
C 
C BETAV ARRAY 
C 
no 200 SURF=i,2 
00 2CC IM=M8I.MB0 
CURV(IM.SURF) = (RM(IM)*02TDM2(IM,SURF)*SAL(IM)*0TDMV(IM,SURF)) /  
1 ( l .+(RMIIM)*DTDMV<IM.SbKF))**2)*»i.5 
200 BETAVIIM.SURF) = ATAN(OTOMVtIM,SURF)«RM(IH))»57.295779 
WRITE (6.1070) 
WRITE (6.1080) (PV(IM)«TV(IM,1).0T0MV(If . l )«CURV(IM.i) ,TV(IM,2),  
1 CTG*V(IX,2).CURV(IM,2).IM=MBI,MBC) 
C 
C kOTATE COORDINATES TO STANDARD POSITION. 
C 
00 300 IM=M8I.MB0 
F*V(IM.1)=MV(IN) 
300 FKV(IH.2)=MV(IM) 
WRITE (6.1250) 
P n = c.  
WRITE(6.S200) 
5200 FORMAT ( / / /30H SUCTION SURFACE, INTERSECTION, 
1 23h OF VERTICAL MESh LINES//) 
CALL ROTATE (FMV.TV.OTOMV.D2TDM2.MBIPX.hBCMl,1,PIT) 
MRITE(6.1250) 
PIT=P ITCH 
WRITE (6.5300) 
5300 FORMAT ( / / /31h PRESSURE SURFACE, INTERSECTION. 
I  23h OF VERTICAL MESH LINES//) 
CALL ROTATE (FMV.TV.OTOMV ,D2T0M2.MttIP I ,MBCMl,2,PIT) 
STOP 
1070 FORMAT (  lH1.6X,62hBLADE OATA AT INTERSECTIONS OF VERTICAL MESH LIN 
lES tolTH BLADES) 
1080 FCRMAT ( IHL.22X.iSHBLAOE SURFACE 1,30X.15HBLA0E SURFACE 2/7X, 
1 lHM.14X,2HTV,l lX,5H0T0MV,l iX.4HCURV,12X,2HTV,l lX.5H0T0NV,l lX, 
2 4hCURV/(7G15.5)) 
125J FCRMAT(1H1,// / /10X,23H BLADE GEOMETRY ROTATED 
1 46h INTO COORDINATE SYSTEM WITH INLET BLADE ANGLE 
2 14h EQUAL TO KIC. ) 
5000 FCRMAT (2F10.5) 
5100 FORMAT ( / / lOX.UH STRFAC=.FIO.5. iOX,8H YSTRFC=,F10.5) 
END 
SUBROUTINE BLCO 
C 
C BLCO CALCULATES BLADE THETA COORDINATE AS A FUNCTION OF M 
C 
CCMMCN SRW.ITER.IEND.LER(2),NER(2) 
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COMMUN /INP/(,AM.AR.TIP.RH01P.WTHL.CHÉGA .ORF.BETAL.BETAO.RTOFAC. 
1 OèNTtlL.HTIF.HBO.MM.NUBL.NBL.NRSP.MRIIU),RMSP(IJ),BESP(10), 
/ HLCAT.AANUK.ËKSÙK.STRFN.SLCKÛ,INTVL.SURVL 
CCKMCN /CALCON/ACTwT.ACTUMG,ACTLAM,MBlMl,MBIPl,MB0Ml,MB0Pl,MMMl, 
l HM1.HT.OTLR.OHLR*PITCH.CP,EXPUN.TMW.CPTIP.TGRÛG,TBI,TBO,LAMBDA, 
? Tkl. ITMIN.ITMAX.NIP.lMS(2),BV(2),NV(lOC).IV(101),ITV(100,2),  
3 TV(100.2).OTUMVi100,2).BETAV(100,2).KH(100,2),OTONH(100,2),  
4 BETAH(1UO,2).RMH(100.2).BEH(100.2),RP(10J),8E(100),0B0H(100), 
5 SAL(1U0).AAA(100) 
CCMMON /GEOMIN/ CH0RU(2).STGR(2).MLE(2).THLE(2),RMI(2),RM0(2>, 
1 R[(2).R0(2).BET1(2).BET0(2).NSPI(2).MSP(53,2),THSP(100,2) 
COMMON /BLCOCM/ EM(1U0,2), INIT(2) 
COMMON /U2T0M2/ U2T0H2(100.2) 
C 
ENTRY BLKM.THETA.OTDf. INF) 
C 
INTEGER BLOAT.AANDK.ERSOR.STRFN.SLCRD.SURVL.AATEMP,SURF,FIRST, 
1 UPPER.SI,ST.SRW 
REAL K.KAK.LAMBCA.LMAX.MH.MLE.MR.MSl.MSf.MV.MVlPl 
REAL M.MMLE.fSPfM.MMMSP 
REAL MSPR 
SURF= 1 
SIGN= 1. 
GO TO 10 
ENTRY 8L2(H.THETA.OTOM.INF) 
SURF= 2 
SIGN=-I.  
10 INF = 0 
IM = 1 
00 15 I-MBI.MBO 
15 (F(ABS(MV(I)-M).LE.DMLR) IM=I 
NSP= NSPKSURF) 
IF ((NIT(SURF).E0.13) GO TO 30 
INIT(SURF)= 13 
C 
f .  INITIAL CALCULATION OF FIRST AND LAST SPLINE POINTS ON BLADE 
C. 
AA = BET I (SURF)/57.295779 
AA = SIN(AA) 
MSP(l.SURF) = RI(SURF)*(1.-SIGN*AA) 
BB » SORTIL.-AA»»2) 
THSP(L.SURF) =: SIGN«BB*R1(SURF>/RMI (SURF) 
HETKSURF) = AA/BB/RMI(SURF) 
AA = BETOISURF)/57.295779 
AA = SINIAA) 
MSP(NSP.SURF) = CHOROISURF)-ROISURF)*(1.*SIGN*AA) 
BB = SORTIL.-AA**2) 
rhSP<NSP.SURF) ^ STGR(SURF)+SIGN*8B*RGISUeF)/*MG(SURF) 
HETn(SURF) = AA/BB/RMO(SURF) 
00 20 IA=1.NSP 
MSP(IA.SURF)«(MSP(IA,SURF)+MLE(SURF)) 
20 THSP(IA.SURF)«(THSP(IA.SURF)+THLE(SURF)) 
CALL SPLN22(MSP(L.SURF).THSPI1.SURF),BETMSURF),BETO(SURF),NSP. 
1 AAA.EM(1.SURF)) 
IFIBLCAT.LE.O) GO TO 30 
MRtTE(6.1000) 
MRITE(6.1010) SURF 
WRITE (A.1020) (MSP(IA.SURF).THSP<IA.SURF),AAA(LA), 
1 EM(IA.SURF). IA=1,NSP) 
r 
C HOTATE COORDINATES TO STANDARD POSITION. 
C 
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WHITE (o.lOtiO) 
IKSlJKF-EtJ. i> G( j  TO 2 /  
PITaO. 
wKITE(6.iU60) 
1060 Fr.RMAT</ / / / i7H SUCTION SURFACt,  INPUT SPLINE POINTS//» 
SO TO lit) 
J? PIT= PITCH 
wRITE(6.1070) 
lOiO FLHMAT ( / / / /38H PKESSLRE SUKI-ACE. INPUT SPLIkE POINTS//» 
CALL eOTATE(MSP.THSP,AAA,EM, i .NSP,SURF,PIT* 
C 
C BLAOE COORDINATE CALCULATION 
C 
3 0  K K  = 2  
IF (M.GT.MSP(l .SURF) l  GO TO bO 
r 
f .  AT LEADING EDGE RADIIS 
f  
KMit= M-MLE(SURFI 
(F iHfLt.Ll.-DHLR) 60 TO 90 
MMLE= AHAXK 0.«MMLE» 
ThETA= SUkT<MMLE*(2.*Kl (SURF»-MMLE)»»SIGN 
IF (Tt-ETA.EO.O . t  GO TO 40 
Hf iW= f tU SURF>-MML£ 
0T() f4 = tRMH/THETA/RMI (SURFJ/STRFACi 
THETA -  THETA/RMKSURF» 
i )2T0M?<IM.SURF) =  (-TMETA-BMM*DTUM)/(KMI(SURF)*THETA)**2 
ThETA =(THETA+TMLE(SURF») 
RETURN 
40 INF= 1  
DTUM = i .E10*SIGN 
fhEIA- THLEISURF) 
0/T0M2(IM,SURF) = 0.  
RETURN 
r  
r ALONG SPLIN6 CURVE 
C 
60 IF (M.LE.MSP(KK*SURF))  GO TO 60 
IF (KK.GE.NSP) GO TO 70 
KK = KK+l 
GO i r  :>o 
60 S= MSP(KK.SURF)-MSP(KK-1.SURF) 
EHKM1= EMlKK-l.SURF> 
FMK= EMKK.SURF) 
MSPMM= HSPiKK.SURF)-M 
MHMSP= M-MSP IKK.-1.  SURF) 
ThK= THSP(KK,SURF)/S 
ThKM= THSP(KK- i .SURF)/S 
ThETA= EMKM1*MSPMM*»3/6. /S + EMK*MMMSP**3/6. /S + (THK-EMK*S/6.)  
1 HMMSP + (THKMi-E*KMl*S/6.)*MSPMM 
OTDM- -EMKMl**SfMM**2/ j . /S •  EMK*MMMSP**2/Z. /S •  THK-THKMl- IEMK 
1 EMKMI)*S/6.  
WjTOMZlIM.SURF) = EMKM1*MSPMM/S+EMK*MMMSP/S 
RETURN 
C 
C. AT TRAILING EUGE RADIUS 
C 
10 ChH= ChORUISURF)+MLE(SURF)-M 
IF (CMH.LT.-OMLR) GO TO SO 
CMK= AMAXI(0.,CMM) 
rhETA= SuRT(CMM*(2.*RG(SU&F)-CMM))*SIGN 
IF (TFETA.EU.O.)  GO TO 80 
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R«M= RC(SURFI-CMM 
OTCM =(-RMM/THETA/RMO(SURF)) 
ThETA = THETA/RMO(SURF) 
n2TDH2(IM.SURFI = (-THETA+RMM»OTOM)/(RMC(SURF)»THETA)*«2 
ThETA =(THETA+STGR(SURF)•THLE<SURF)J 
RETURN 
80 INF= 1 
OTDM = - l .E10*SIGN 
THETA=(THLE(SURF)•STGRCSURF)) 
02T0P2(IM.SURF) = 0. 
RETURN 
C 
f  ERROR RETURN 
C 
90 MRITE(6.1030) LER(2),M,SURF 
STOP 
1000 FORMAT (IHl,13X,33HBLA0E CATA AT INPUT SPLINE POINTS) 
1010 FORMAT(1HL.17X.16HBLA0E SURFACE,14) 
1020 FORMAT i7X ,IHM,lOX,5HTHETA,lOX,lOhOERI WAT IVE,5X,10H2N0 OERIV. /  
1 (4G15.5) )  
1030 FORMAT (14HLBLC0 CALL N0., I3/33H M COORDINATE IS NOT WITHIN BLADE/ 
14H M =,G14.6.10X,6HSURF =,G14.6) 
1050 FCRMAT(1H1/// /10X.23H 6LACE GECHETRY ROTATED 
1 46H INTO COORUINATE SYSTEM WITH INLET BLADE ANGLE 
2 14H EQUAL TO KIC. )  
END 
SUBROUTINE INPUT 
C 
C INPUT READS AND PRINTS ALL INPUT DATA CARDS AND CALCULATES HORIZONTAL 
C SPACING <MV ARRAY) 
C 
C 
COMMON/ROT/ KAPIN,KIC.RLEO,XCTRN*YCTRN.R 
COMMON /AOD/ SFTOL 
CCMMON SRU.ITER.IEN0.LER(2),NER(2) 
COMMON /1NP/GAM.AR.TI P.RHÛIP.MTFL.OMEGA ,0RF,BETA1.BETAO.REOFAC, 
1 OENTOL.MBl.MBO.MM.NBBI,NBL.NRSP,MR(10),RMSP(13).aESP(10), 
2 BLCAT.AANOK.ERSOR.STRFN.SLCRD,INTVL.SUBVL 
COMMON /CALCON/ACTkT,ACTOMG,ACTLAM,KBIMi,M8IPi,MBOMi,MBOPl,MMMl, 
1 MMl.HT.DTLR.DMLR.PITCH.CP,EXPON.ThW.CPTIP.TGROG,TBI.TBO,LAMBDA, 
2 TML.  ITMIN.ITMAX.NIP.IMS(2) .BV(2) ,MV( 100) , I  V( 101 )  ,  1T VdOO ,2) ,  
3 TV(100,2).OTDMV(100.2).BETAV<100.2),MH(100,2).UrDNH(100,2),  
4 BETAH(100.2).RMH(1C0.2).BEH(100,2),Rf(100),8E(100),0B0H(100), 
& SAL(100),AAA(1CO) 
COMMON /GECMIN/ CHORD(2).STGR(2).MLE(2) ,THLE(2),RMI(2),RMO(2), 
1 RI(2),R0(2).BETI(2),BET0(2),NSPI(2),HSP(50,2),THSP(lOO,2) 
INTEGER BLOAT.AANDK.ERSOR.STRFN.SLCRO,SURVL.AATEMP,SURF,FIRST, 
1 UPPER.SI,ST.SRb 
REAL KAPIN.KIC 
REAL K.KAK.LAMBDA,LMAX.MH.MLE.MR.MSL.MSP,fV.MVIMi 
C 
C READ ANC PRINT ALL INPUT DATA 
C 
WRITE(6.1C00) 
READIS.LLOO) 
WRITE(6.1100) 
MRITE(6.1110) 
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weau (b. lOJU) GAM.Ak.TIP.kHUIP.WTFL,BLANK.OMEGA,ORF 
WRITE (6. iU4J)  UAM,Ak.TlP.AHUIP.WTFL.ULAhK«CMEGA.ORF 
MKITE16.1120) 
READ lb . l030)BETAI.BETAO,CHOkO(i ) .STGK(l )  
WRITE(6. iO40)BETAI,bETAO,CHORD!i ) .STGRt i )  
WRITE (6.1125) 
KEAO (5.1030) KEOFAC.OENTOL.SfTDL 
IFIUENTOL.LE.O.) OENTOL .001 
IF (SFTOL.IE.O.) 6FTOL=.O0U001 
WRITE (6.1040) REUFAC.OENTOL.SFTOL 
WR(TE(6.1130) 
KEAC (b. lOlO) MBI.HBO.BLANK.BLANK.MM.NSei«NBL.NRSP 
WMITE<6. lOlO) MBI.MBO.BLANK.BLANK.MM.NBBI,NBL,NRSP 
00 10 J=l ,2 
IF (J.EU.l) WRITE(6.1140) 
IF (J.E0.2) WKITE(6.1150> 
wRITE(6.1180) J.J.J.J.J 
READ (5.1030) RI(  J) .RC( J)  .bETKJ) ,6ETÛ( J)  tSPLNO 
wRITE(o.1040)  k l (J ) .RC(J) .BETKJ) .BETO(J) .SPLNO 
NSPI(J)= SPLNO 
NSP = NSPI(J)  
wKITE(6.1i90) 
KEAC (5.1030) 
WR [TE(6.1040) 
WRITE(6.1200) 
REAO (5.1030) 
10 WRITE(6.1040) 
wRITE(6.1210) 
READ (5.1030) 
WRITE(6.1040) 
WRITE(6.1220) 
READ (5.1030) 
wKITE(6.1040) 
wRITE(6.1230) 
READ (5.1030) 
wRITE(6.1040) 
WRITE(6.1240) 
READ (5.1010) 
WKITE(6.1020) 
KEA0(5.12t i0)  KAPIN.KlC.RLEO.XCTRN.yCTRN 
WR1TE(6.12S0) KAPIN.KIC.RLEU.XCTRN.VCTRN 
k=ftMSP(1) 
IFIXCTHN.EO.O.)  XCTRN=RLEO 
IF (MM.LE.100.ANU.NBBI.LE.50.ANO.NRSP.LE.50.AND.NSPl(1).LE.50 
1 .AND.NSPl(2).LE.50) GO TO 20 
WRITE (6,1250) 
STOP 
C 
C CALCULATE MV ARRAY 
C 
20 HMl = CHORD!1)/FLCAT(MB0-MBI) 
00 30 IM=1.MM 
30 MV(IM) = FLOAT(IM-MBI)*HM1 
MVlMBO) = CHORO(l) 
C 
C CAICULATE MISCELLANEOUS CONSTANTS 
C. 
NERII>=0 
NERI2)=0 
PITCH = 2.*3.i415927/FL0AT(NBL) 
riT= PITLH/FL0AT(NB8I) 
uTlft= HT/IOOO. 
J 
(MSP(l.J)«I=l.NSP) 
(MSP(I.J).l-l.NSP) 
J 
(THSP(I.J).1=1.NSP) 
(THSPtI.J).I=1.NSP) 
(Mk(I).1=1.NRSP) 
(MR(I).I=1.NKSP) 
(RMSP(I).I=1,NRSP) 
(PMSP(I ).1 = 1,NRSP) 
(BESP(I).1=1.NRSP) 
(BESP(1).1=1.NRSP) 
ULOAT.AANCK.ERSOR.STRFN.SLCRO.INTVL.SURVL 
BLOAT.AANOK.ERSOR.STRFN.SLCRO.INTVL.SURVL 
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MBIPi= 
M8C#1= 
M80Pi= 
MMMl = 
C 
C 
c 
DMIR = HMl/1000. 
RV<1> = 0. 
BV(2> = 1. 
MBIM1= MBI-1 
M8Î + 1 
M 80-1 
MBO+l 
MM-1 
CP = AR/(GAM-1.)*GAM 
EXPCN= l./(GAM-l.) 
Tk*= 2.*0MEGA/kTFL 
CPTIP= 2.*CP*TIP 
TGROG= 2.*GAM*AR/(GAM+1.) 
CALL SPLINT(MR,RMSP,NRSP,MV,MM,RM,SAL) 
CALL SPLINT(MR.8ESP«NRSP,MV,MM,BE.OBOMJ 
CALCULATE GEOMETRICAL CONSTANTS 
CH0RD(2) = CHORD!1) 
STGR<2) = STGR(I) 
HLBili = 0.  
HLBlii = 0. 
THLE(l) = 0. 
THLEfj) = PITCH 
lOCO 
1010 
1020 
1030 
1040 
1100 
RMK 1 ) 
RMI(2) 
RM0<1) 
RM0(2) 
RETURN 
FCRMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FCRMAT 
= RM(MBI) 
= ftM(HBI) 
= RM(MBO) 
= RM(MBO) 
(IHl) 
(1615) 
(IX.16171 
(8F10.5) 
(1X.8GL6.7) 
(80H 
1110 FCRMAT (7X.3hGAM.14X«2HAR.13X«3HT1P.L2Xt5HRH0IP.12Xt4HUTFL«iIXi6H 
1 ,10X,5H0MEGA,i2X.3M0RF) 
11?0 FORMAT (6X«5HBETAI.I0X,5HBETACflIXt6HCHCR0F*llXt5HSTGRF) 
1125 FORMAT (6X.6HRE0FAC.lOX.6H0ENT0L.IXX.SHSFTOL) 
1130 FORMAT (41H MB I MBO MM NBBI NBL NRSP> 
1140 FCRMAT (39HL BLADE SURFACE 1 — UPPER SURFACE) 
1150 FCRMAT (39HL BLADE SURFACE 2 — LOWER SURFACE) 
1180 format (7X.2KR1.11.i2X,2MR0,11.12X,4HBET1,Ii,iiX,4HBET0,Ii,llX,5HS 
IPLNO.Il) 
1190 FCRMAT 
1200 FORMAT 
1210 FORMAT 
1220 FCRMAT 
laao FORMAT 
1240 FCRMAT 
1250 FCRMAT 
1260 FCRMAT 
1 7X.3H 
1270 FORMAT 
1280 FCRMAT 
129U FORMAT 
1 //5X.2F10 
FNC 
(7X.3HMSP*I1.2X.5HARRAY) 
(7X.4HTHSP.U.2X.5HARRAY) 
(16HL MR ARRAY) 
(7X.IIHRMSP ARRAY) 
(7X,ilH8ESP ARRAY) 
(52HL BLOAT AANÛK ERSOR STRFN SLCRO INTVL SURVL) 
(41H1 MM.NB8I«NRSPtûR SOME SPLNO IS TOO LARGE) 
(//4X.6H INITI.4X.6H IMT0*4X«6H IF ILE •8X.2HIC « 
IU.6X.4H TPI,6X,4H TPO,//(5110.4X.A6«4XtA6)) 
(515.2A6) 
(5F10.7) 
(//9X.6H KAP1N.6X.4H KIC.6X,4H RLE.4X.6H XCTRN.4X.6H YCTRNt 
3.3F10.7) 
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SUBKOUTIhE e0TATt(fMS,THTAS.DTDM.02TDM2,NS.NF,ISURF.PITCH) 
THIS PROGRAM ROTATES CUORUlNATfS AND ANGLES CF A GIVEN 
SURFACE THROUGH THE ANGLE (KAPIN - KIC). 
THE CENTER OF ROTATION IS ON THE X-AXIS AT X*RI. 
ANCL ROTATION ANGLE. RADIANS. 
CURV CURVATURE. 
OTOM(K) FIRST DERIVATIVE OF THTASiK) talTH RESPECT TO FMS(K). 
OZTOM? SECOND DERIVATIVE OF THTAS(K» WITH RESPECT TO FMS(K). 
FKO ROTATED MERIOCNAL COORDINATE. 
FMSIK) MERIDIONAL COORDINATE. 
ISURF SUBSCRIPT DESIGNATING BLADE SURFACES-
1= SUCTION SURFACE 
2= PRESSURE SURFACE 
KAPIN INLET BLADE ANGLE IN STAGGERED POSITION, DEG. 
INLET BLADE ANGLE IN UNSTAGGEREC POSITION. DEG. 
NUMBER OF FMS(K) VALUES INPUT. 
FITCH DISTANCE BETWEEN BLADES IN TANGENTIAL DIRECTION. RADIANS, 
USE ZERO FOR SUCTION SURFACE. 
P RADIUS OF STREAM SURFACE. 
RI RADIUS OF LEADING EDGE CIRCLE. 
TANANG ROTATED TANGENT ANGLE AT POINT FMS(K). 
TKO ROTATED TANGENTIAL COORDINATE Ik UNITS CF LENGTH. 
TFTAS(K) TANGENTIAL COORDINATE, RADIANS. 
C KIC 
C 
C NN 
XCTRN 
C YCTRN 
C 
C 
C 
C 
C 
CCMMON/ROT/ KAPIN,KIC,RLED,XCTRN.YCTRN,R 
DIMENSION DTDMIl).D2TDM2(i00.2),FMS(50.2).THTASIlOO.Z)• 
1 TITIE(20) 
REAL KAPIN,KIC 
C 
C 
10=6 
WRITE!10,5050) KAPIN,KIC 
X-CODRDINATE OF THE CENTER CF TFE ARTIFICIALLY DEFINED 
LEADING EDGE CIRCLE WHEN THE X-AXIS PASSES THROUGH 
THE CENTERS OF THE ORIGINAL EDGE CIRCLES. IN THE 
USUAL CASE WHERE IT IS NOT NECESSARY TO DEFINE AN 
ARTIFICIAL LEADING EDGE CIRCLE. XCTRN IS SET 
EQUAL TO RI. 
Y-COORDINATE OF THE CENTER CF THE ARTIFICIALLY 
DEFINED LEADING EDGE CIRCLE WHEN THE X-AXIS PASSES 
THROUGH THE CENTERS OF THE ORIGINAL EDGE CIRCLES. 
WHEN XCTRN=RI, THEN SET YCTRN=0. 
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r .  ROTATE COORDINATES AND ANGLES. 
C 
ANGL«<KAP{N-KIC)/57.2S37 79 
WRITE!10.5100# 
WRITE!lO.SiOO) 
00 100 K«NS.Nf 
CURV«R*02TOM2IK.ISURF)/(( l .+R*DTDM(K*$R*DTDM(KI 
1 
FMO=(FMS(K,ISURf)-RLED)*COS(ANGL)+R*(THTAS(K,ISURF*-PITCH)* 
1 SINiANGD^XCTRN 
rhO=-(FMS(K.iSORFI-RL£0>»SIN(ANGL)+R»(ThTAS(K,ISURFI-PITCH) 
1 *CCS(ANGLI+YCTBN 
TANANG=(ATAN(R*DTOM(K))-ANGL)*57.2S5779 
100 WRITE! 10.! :  300) K .  FHO ,  THO, TANANG.CUR V .FNS( K. ISURF) .THTASIK t  ISl iRF )  .  
1 0TCM(K).0;T0M2(K«ISURF) 
RETURN 
5050 FORMAT!//,10X.7H KAPIN=.FiO.7,3X,5H KIC=,F10.7///) 
5100 FCRNAT !18X,19H REFERENCE POSITION. 33X.15H INPUT POSITION) 
5200 FORMAT !8X,2H K.10X.2H M.SX.7H RThETA.3X.SH SURF AN6,7X, 
1 5H CURV,4X.8H INPUT M,12H INPUT THETA,IX,ilH INPUT OTONr 
2 IX.131- INPUT D2TDM2//) 
5300 FORMAT !I10.2Fi2.7,2Fi2.4,3F12.7.F14.3) 
END 
'V 
SUBROUTINE SPLINT 1X.Y,N,Z.MAX.YINT,0VOX) 
C 
C SPLINT CALCULATES INTERPOLATEO POINTS AND DERIVATIVES 
C FOR A SPLINE CURVE 
C ESÙ CONDITION - SECOND DERIVATIVE AT EITHER END POINT IS ONE-HALF 
C THAT AT THE ADJACENT POINT 
C 
COMMCN SRW 
CCMMON /BOX/ G1100).SB(IOO) 
IHMENSIUN X!N).Y!N).Z1 MAX).YI NT!MAX).OYOX!MAX) 
INTEGER SRW 
DIMENSION EMllOO) 
EQUIVALENCE ISB.EM) 
IF!MAX.LE.C) RETURN 
III = SRM 
SB!1) = -.5 
G!l) =0 
NC=N-1 
IF1NC.LT.2) GO TO 20 
NO 10 1=2.NO 
A = !XII)-X!I-l))/6. 
C = !XI l + l)-X!I))/6. 
W = 2.*!A+C)-A*SB1I-1) 
SB!!) = C/w 
F = IY!l+i)-Y!I))/!%!I+l)-X!I))-IY(I)-YII-l))/!X!I»-X!I-l)) 
10 G!IJ - !F-A*G!I-1))/W 
20 EM!N) = G<N^l)/!2.+S8!N-l)) 
00 30 1=2.N 
K = N+l-I 
30 FM(K) = G!K)-SB!K)*EM!K+1) 
no 140 1=1.MAX 
K = 2 
IF!7I I )-X!i)) 70.60.90 
60 Y INT!I )=Y!1) 
SK = XlK)-XiK-l) 
GO TO 130 
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7C GO TO 120 
WRITE (6.1000) Z(I) 
SRK = 16 
60 TO 120 
£0 K=h 
IFIZ(I).LE.(l.l*X(N)-.l*X(N-i))) GO TO 120 
WRITE (6,1000) 2(1) 
SRk = 16 
GO TO 120 
90 IF(Z(I)-X(K)) 120.100*110 
100 YINT(I)=Y(K) 
SK = X(K)-X(K-1) 
GO TO 130 
110 K=K*1 
IF(K-N) 90.90,80 
12 0 CCNTINUE 
SK = X(K)-X(K-1) 
YINT(I) = EM(K-l)»(X(K)-Z(l))»»3/6./SK +EM(K)$(Z(I)-X(K-l))**3/6. 
1 /SK+(Y(K)/SK -EM(K)*SK /6.)•(Z(I)-X(K-1))•(Y(K-ll/SK -EM(K-l) 
2 *SK/6.)*(X(K)-Z(I)) 
130 OYOX(I)=-EM(K-l)$(X(K)-Z(I))**2/2.0/SK •EM(K)*(X(K-1)-Z(I))»*2/2. 
1 /SK*(Y(K)-Y(K-i))/SK -(EM(K)-EM(K-l))*SK/6. 
140 CCNTINUE 
MXA = MAX0(N,MAX) 
IF(SRW.E0.16) WRITE(6,1010) N.HAX,(X(I),Y(I).Z(I),YINT(li,OYOX(I), 
1 1=1.MXA) 
SRta = III 
RETURN 
1000 FCRMAT (54M SPLINT USED FOR EXTRAPOLATION. EXTRAPOLATED VALUE = , 
1G14.6) 
1010 FCRMAT (2X.21HN0. OF POINTS GIVEN =,I3,30H, NO. OF INTERPOLATED PO 
IINTS =. 13/10X.lHX,19X,lHy,16X,llHX-INTERPOL., 9X,HHy-INTERPOL., 
28X.14t0YDX-INTERP0L./(5E20.8)) 
ENC 
SUBROUTINE SPLN22 (X,Y,Y1P,YNP,N,SLCPE,EM) 
C 
C SPLN22 CALCULATES FIRST AND SECOND DERIVATIVES AT SPLINE POINTS 
C END CONDITION - DERIVATIVES SPECIFIED AT END POINTS 
C 
CCKMCN SRW 
CCMMON /BOX/ G(100).SB(IOO) 
DIMENSION X(N), V(N),E»( (N), SLOPE (N) 
INTEGER SRW 
SB(1) = .5 
F = (Y(2)-Y(1))/(X(2)-X(1))-Y1P 
G(l) = F*3./(X(2)-X(1)) 
NC=N-1 
IF(N0.LT.2) GO TO 20 
00 10 1=2.NO 
A = (X(I)-X(I-i))/6. 
C = (X( I + l)-X(I))/6. 
W » 2.*(A+C)-A*SB(I-1) 
SB(I) = C/W 
F = (Y(I+1)-Y(I))/(X(I+1)-X(I))-(Y(I)-Y(I-1))/(X(I)-X(I-1)) 
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10 G(U = (F-A$G(I-1))/W 
20 F = YNP~(Y(N)-y<N-l>l/<XIN)-X(N-l)) 
W = (X(N)-X(N-l))/6.*(2.-Sb(N-l)) 
EM(N) = (F-(X<N)-X(N-i))*G(N-l)/6.*/W 
00 30 1=2,N 
K = k+l-I 
30 EMU) = G(K)-SB(K)*EM<K+1) 
SLOPE(1) = (X(1)-X(2))/6.*(2.$EM(1)+EM(2))+(Y(2)-Y(i))/(X(2)-X(l)) 
00 40 1=2,N 
40 SLOPE*I) = (X(I)-X(I-l))/6.»l2.»EM(I)+EHlI-l))+(Y(I)-Y(I-l)1/ 
1 (X( I)-X(I-l)) 
IFtSRln.EO.lS) WRITE (6,1000) K, ( X( I ) , Y( I) ,SLOPE ( I) , EN( 1) 11«1*N) 
RETURN 
1000 FORMAT (2X,1SHN0. OF POINTS ^ ,13/lÛX,IHX.19X,IHY•19X*5HSL0PE*15X, 
12tEM/(4G20.S)) 
ENC 
162 
APPENDIX D. STAGNATION POINT PROGRAM (STGPLS) 
The purpose of the STGPLS program is to provide a consistent proce­
dure for estimating the location of the stagnation point on the trailing 
edge circle of a blade section. Meridional and tangential coordinates of 
the stagnation streamline at vertical mesh lines downstream of the blade 
are available from MAGNFY output (appendix A). STGPLS approximates the 
stagnation streamline by a least-squares parabola using six coordinate 
points from MAGNFY output. The parabola is extrapolated to the trailing 
edge circle to approximately locate the stagnation point (fig. 53). 
The procedure is valid for conical stream surfaces if the edge 
circle is assumed to be an undistorted circle on the m - R0 plane. 
The input data required are indicated in figure 54 and the variables are 
defined in figure 53 and on comment cards in the listing 'of STGPLS source 
cards at the end of this appendix. 
The first page of output lists the input data and the coefficients 
of the least-square parabola. The second page gives intermediate results 
of the stagnation point location iteration and the final stagnation 
streamline position data. Headings are variable names which are defined 
in figure 53 and on comment cards in the source card which follows. 
R9 Least-squares 
parabola -N 
-XC-
RW 
-XCTR-
r-Stagnation 
\ Poi 
T 
YCTR YC 
Stagnation 
streamline 
coordinate 
points 
m 
Figure 53. - STGPLS input and output parameters. 
r  ^ • ' KM*» »•"!« f-rt- tf4 ftf* 
1# 
"-Yf 4 4 4^  
I M H 
t /* x> WW 
ON 
w 
Figure 54. - Input data reqirtred for STGPLS. 
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TI-IS PROGMAM CETERMINES THE LOCATION OF STAGNATION POINT 
ON THE TRAILING EDGE CIRCLE. 
ANGSP ANGLE BETWEEN LINE CONNECTING CIRCLE CENTER 
TO STAGNATION POINT AND THE ABSCISSA* DEG. 
COEF(K) THE DOUBLE PRECISION VECTOR CONTAINING COEFFIENTS 
OF THE POLYNOMIAL LEAST SQUARE FIT. COEF(K) IS THE 
COEFFICIENT OF XC(I)**(K-1). 
EPSy(L) DIFFERENCE BETWEEN ORDINATES OF PARABOLA 
AND CIRCLE AT GIVEN ABSCISSA VALUE. 
ITMAX LIMIT CN NUMBER OF ITERATIONS ALLOWED. 
hUHCOf THE DIMENSION OF COEF. AND IS ONE GREATER THAN THE 
DEGREE OF THE POLYNOMIAL FIT. 
AUMPTS THE NUMBER OF XC.YC PAIRS INPUT. ALSO THEIR DIMENSION. 
BO RADIUS OF EDGE CIRCLE, METERS. 
SIGN +1. FOR ORDINATES GREATER THAN YCTR, 
-1. FOR ORDINATES LESS THAN YCTR. 
SUMSOR THE SUM OF THE SQUARES OF THE RESIDUALS. 
70LY TOLERANCE FOR INTERSECTION ITERATION 
X ESTIMATED MERIDIONAL COORDINATE OF STAGNATION POINT, METERS. 
XC(I) MERIDIONAL COORDINATE OF THE STAGNATION STREAMLINE, METERS 
XCTR MERIDIONAL COCPJi««Tc CF THE EDGE CIRCLE CENTER, METERS. 
XMAX MAXIMUM ABSCISSA VALUE ON CIRCLE. 
XHIN MINIMUM ABSCISSA VALUE ON CIRCLE. 
XNXT NEXT BEST ESTIMATE FOR MERIDIONAL COORDINATE OF 
STAGNATION POINT, METERS. 
YCdl TANGENTIAL COORDINATE OF THE STAGNATION STREAMLINE, METERS 
YCIR ORDINATE OF CIRCLE AT ESTIMATED STAGNATION POINT, METERS. 
YCTR ORDINATE OF CENTER OF CIRCLE. 
YPAR ORDINATES ON PARABOLA, METERS. 
YPR ORDINATE OF PARABOLA AT ESTIMATED STAGNATION POINT, METERS. 
DIMENSION COEFO) ,EPSY(2) ,X(2).XC(6),YC (6) 
DOUBLE PRECISION COEF 
11=5 
10=6 
C 
C 
C 
READ AND WRITE INPUT 
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50 WRITE(10.995) 
REAO((I.1000) 
WRITE!10.1000) 
REACH I,1005) XCTR.YCTR.RO 
IF (RO.EO.O.) GO TO 400 
URITE(10.1010) XCTR.VCTR.RO 
REAOLI (.LOLSI ITMAX.TCLY 
WRITE!10.1016) ITMAX.TCLY 
READ (11.1020) NOMPTS 
WRITE!10.1025) NUMPTS 
READ!I 1.1030) !XC(I),I=1,NUMPTS) 
REAC!I 1.1030) (YC<I).I= l,KUMPTS) 
WRITE!10.1040) (I.XC!I).YC(I).I=1.NLMPTS) 
READ ! 11.1020) NUMCOF 
WRITE!10.1050) NUMCOF 
C 
C CALCULATE STAGNATION STREAMLINE PARABOLA CCEFFICIENTS 
C 
C 
C URTLES IS A LOCAL ROUTINE WHICH FITS LEAST-SOUARES POLYNOMIALS 
C TO !XC«YC) ARRAYS. THE USER MUST REPLACE CRTLES WITH HIS OWN LOCAL 
C ROUTINE. 
C 
CALL ORTLES!NUMPTS.XC.YC.NUMCOF.COE F.SUHS CR) 
WRITE! 10.1060) (COEF<I).I = I.NLMCOF),SUMSOR 
C 
C INITIALIZE VARIABLES ANO ASSIGN VALUE TO SIGN 
C 
X!L)= XCTR+.5*R0 
X<2)= XCTR+RO 
XMA%= X!2) 
XMIN= XCTR-RO 
S[GN=I. 
YPR=COEF(1)+COEF! 2)«X ! 2)•COEF!3)*X(2)*X(2) 
IFIYPR.LT.YCTR) SIGN=-I. 
C 
C BEGIN STAGNATION POINT LOCATION ITERATION 
C 
WRITE !I0.10(5) 
WRITE!10.1070) 
00 200 J=1.ITMAX 
FJzJ 
IF(X(I).E0.X(2)) X( l)=!.96+FJ)*X! l)/!I.+FJ) 
IF(X!1).LT.XMIN) X!1)=X!2)*X!2)/X!1) 
WRITE!10.1080) 
00 100 L=1.2 
YPR=COEF(1)+C0EF!2)*X(L)+C0EF(3)*X(L)*XIL) 
YCIR=yCTR*SIGN*SORT!RO*RO-!X!L)-XCTR)*!X(L)-XCTR)) 
EPSY!L)=YPR-YCIR 
WRITE!10.1090) J.L.X!L).EPSY!L).YPR,YCIR 
IF!ABS!EPSY!L)).LE.TOLY) GO TO 300 
100 CCNTINUE 
C 
C INTERPOLATE FOR X AT HHICH EPSY=0. 
C 
CALL FITLIMXNXT.O..X.EPSY) 
IF !XNXT.LT.XHIN) XNXT=XMIN 
IF IXNXT.GT.XMAX) XNXT=XMAX 
X!I)=X(2) 
?CC X!2)=XKXT 
L-=L 
C 
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c PRINT ERROR MESSAGE 
r 
WRITE*10.1100) ITMAX 
C 
C CALCULATE ANGULAR LOCATION OF STAGNATION PCINT 
C 
300 TOP=yCIR-YCTR 
B0T=X<L»-XCTR 
ANGSP=57.295779«ATAN2(T0P.60T) 
WRITE (10,1105) 
WRITE<10,1110) ANGSP 
WRITE!10.1200) 
C 
C CALCULATE ORDINATES OF LEAST SQUARE PARABOLA AT INPUT XC VALUES 
G PLCS TWO MORE. 
C 
00 340 1=1,2 
Fl= I 
XX=X(L)+FI*(XC(1)-X(L))/3. 
YPAR= COEF(1)+C0EF(2)*XX+COEF(3)*XX*XX 
340 MRITE(10.1210) XX.YPAR 
00 380 I=l,hLMPTS 
YPAR= COEF(1)+COEF(2)*XC<I)+C0EF(3)»XC(I)*XC(I) 
380 WRITE!10.1220) I.XCiI),YC(I).YPAR 
GO TO 50 
400 STOP 
9SS FORMAT!IHl / / / / / )  
1000 FCBMAT 1 80M 
1 ) 
1005 FORMAT (3F10.7) 
1010 FCRMAT I1H0.6X.5H XCTR.5X.5H YCTR.7X.3H RC//2X,3F10«7) 
1015 FCRMAT (I10.F10.7) 
1016 FCRMAT (/// 5X.7H ITMAX=,I5»5X,6H TCLY=.F11.8) 
1020 FCRMAT !I5) 
1025 FORMAT !///10X,7H NUMPTS,//lOX,17) 
1030 FCRMAT (8F10.7) 
1040 FORMAT 1///10X,2H I.6X.6H XC!I),6X,6H YC!I).//(112•2F12*8)) 
1050 FCRMAT (///10X,7H NUMCOF,//iOX.17) 
1060 FCRMAT(//3X.9h COEFd)=,F12.8.3X,9H CQEF12)=,F12.8, 
1 3X.9H C0EF(3)=.F12.8.4X.8H SUMS0R=.F12.8) 
1065 F0RMAT!1H1//20X.27H STAGNATION POINT ITERATION ) 
1020 FORMAT (//9X.2H J.8X,2H L.7X.SH X!L),4X.6H EPSYIL), 
1 7X,5H YPAR,7X,5H YCIR//) 
1080 FORMAT!/) 
1090 FCRMAT !lX.2IiO,4F12.8) 
llOO FORMAT 1////10X.35H STAGNATION POINT ITERATION DID NOT, 
1 12h CONVERGE IN. 14.8H TRIALS.) 
1105 FCPMAT!//iOX.27h STAGNATION STREAMLINE CATA) 
1110 FORMAT1//IOX,7H ANGSP=,F10.3) 
1200 FCRMAT(//3X.2H I.6X.6H XC(I).6X.6H YC1I).7X.5H YPAR//) 
1210 FCKMAT!5X.F12.8.12X,F12.8) 
1220 FC*MAT!I5.3F12.8) 
END 
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SUBKGbTINE FiTLIN (XA,YA,X6,Y8) 
C 
C 
C This SUBROUTINE FITS A STRAIGHT LINE THROUGH ThO (XbtYBl 
C PCIMT PAIRS AND INTERPOLATES Ok EXTAPOLATES TO FIND THE 
C XA VALUE CORRESPONDING TO A GIVEN YA VALUE. 
C 
C 
DIMENSION XBIDtYBd) 
C 
C 
SlOPE = (Xli( <>-XBUi>/(YB<2)-YBtl)) 
XINTCP=XB<1»-SLOPE»YB(i) 
XA=SLOPE*YA+XINTCP 
RETURN 
END 
168 
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